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(57) ABSTRACT 

Disclosed are oligonucleotides and oligonucleosides that 
include one or more modified nucleoside units. The oligo 
nucleotides and oligonucleosides are particularly useful as 
antisense agents, ribozymes, aptamer, siRNA agents, probes 
and primers or, when hybridized to an RNA, as a substrate 
for RNA cleaving enzymes including RNase H and dsR 
Nase. 
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OLGONUCLEOTDES HAVING MODIFIED 
NUCLEOSIDE UNITS 

FIELD OF INVENTION 

0001. The present invention provides oligonucleotides 
that have one or more modified nucleoside units. The 
improved oligonucleotides are useful as therapeutic or pro 
phylactic antisense agents, as ribozymes, as aptamers or as 
substrates for RNA cleaving enzymes including RNase H 
and dsRNase including siRNA oligonucleotides. The oligo 
nucleotides of the invention are usable as a Single Stranded 
Structure or in dual Stranded Structures, e.g., as both an 
antisense Strand and a Sense Strand. Further they can be used 
in diagnostics or as research reagents including uses as 
probes and primers. The modified oligomeric compounds of 
the invention exhibit improved properties including binding 
affinity to target RNA. U.S. application No. 60/383,438, 
from which priority is claimed, is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

0002 Efficacy and sequence specific behavior of anti 
Sense oligonucleotides (ONS) in biological Systems depend 
upon their resistance to enzymatic degradation. It is there 
fore essential, when designing potent antisense drugs, to 
combine features Such as high binding affinity and mismatch 
Sensitivity with nuclease resistance. Unmodified phosphodi 
ester antisense oligonucleotides are degraded rapidly in 
biological fluids containing hydrolytic enzymes (Shaw, J. P.; 
Kent, K., Bird, J.; Fishback, J.; Froehler, B. Nucleic Acids 
Res. 1991, 19, 747-750; Woolf, T. M.; Jennings, C. G. B.; 
Rebagliati, M.; Melton, D. A. Nucleic Acids Res. 1990, 18, 
1763-1769), and the first generation of modified antisense 
oligonucleotide drugs, Such as 2'-deoxyphosphorothioate 
oligonucleotides, are also Subject to enzymatic degradation 
(Maier, M.; Bleicher, K., Kalthoff, H.; Bayer, E. Biomed. 
Pept., Proteins Nucleic Acids 1995, 1,235-241; Agrawal, S.; 
Temsamani, J.; Tang, J. Y. Proc. Natl. Acad. Sci. 1991, 88, 
7595-7599). Extensive stability against the various 
nucleaseS present in biological Systems can best be achieved 
by modified oligonucleotides. Since 3'exonuclease activity 
is predominantly responsible for enzymatic degradation in 
Serum-containing medium and in various eukaryotic cell 
lines, modifications located at the 3'-terminus Significantly 
contribute to the nuclease resistance of an oligonucleotide 
(Shaw, J.-P.; Kent, K.; Bird, J.; Fishback, J.; Froehler, B. 
Nucleic Acids Res. 1991, 19, 747-750; Maier, M.; Bleicher, 
K.; Kalthoff, H.; Bayer, E. Biomed Pept., Proteins Nucleic 
Acids 1995, 1, 235-241). 
0003. The Sugar moiety of nucleosides has also been 
extensively Studied to evaluate the effect its modification has 
on the properties of oligonucleotides relative to unmodified 
oligonucleotides. The 2'-position of a ribosyl Sugar moiety is 
one of the most studied sites for modification. Certain 
2'-Substituent groups have been shown to increase the lipo 
philicity and enhance properties Such as binding affinity to 
target RNA, chemical Stability and nuclease resistance of 
oligonucleotides. Many of the modifications at the 2'-posi 
tion that show enhanced binding affinity also force the Sugar 
ring into the C-endo conformation. 
0004 One 2'-substituent group that has been shown to 
enhance the properties of oligonucleotides for antisense 
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applications is the 2'-O-CHCH-O-CH (2'-O- 
MOE). This modification in phosphodiester ONs offers 
about a 2 C. increase in tm/modification relative to 
2'-deoxyphosphorothioate ONs. A phosphodiester ON modi 
fied with a 2'-O-MOE has about the same nuclease resis 
tance as a 2'-deoxyphosphorothioate ON as shown by the 
half-life of the full-length oligonucleotide, ta. 

0005 Although the 2'-position is a commonly used posi 
tion for antisense applications, modifications of the 3' and 
5terminal hydroxyls of an oligonucleotide have also been 
shown to be advantageous sites for modifications. Oligo 
nucleotides bearing conjugate groups at these positions have 
shown improved pharmacokinetic and biodistribution prop 
erties including enhanced protein binding. 

0006 Phosphodiester ON and phosphorothioate ON each 
have unique organ distributions and well as Serum binding 
properties. Substituent groups at the 2, 3" and 5'positions 
also modify the particular properties of an oligonucleotide. 

0007 Accordingly, it is the object of this invention to 
provide oligonucleotides having novel nucleoside units 
incorporated in the oligonucleotide for modulating the prop 
erties of the particular oligonucleotides. 

0008. It is also the object of this invention to provide 
oligonucleosides that exhibit high binding affinity to target 
RNA. 

0009 Additional objects, advantages and novel features 
of this invention will become apparent to those skilled in the 
art upon examination of the following descriptions and 
claims, which are not intended to be limiting. 

SUMMARY OF INVENTION 

0010. The present invention relates to compounds that 
comprise a plurality of linked nucleoside units, at least one 
of Said nucleoside units comprising a modified nucleoside of 
Stuctural formula I including the indicated Stereochemical 
configuration: 
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-continued 
Y6 Y6 

D n N n 
Y8 W N NS N 

3 es Y7, N a-s, 
Y6 Y7 Y7 

1s, 's-s, 21 -" 
L n N 1s. N W, and N W ; 

0012 A is CH, and G is N or CH, and D is N, CH, 
C-CN, C-NO, C-C alkyl, C-NHCONH, 
C CONY'Y', C. CSNY'Y', C-COOY, C-hy 
droxy, C-C alkoxy, C-amino, C-C alkylamino, 
C-di(Calkyl)amino, C-halogen, C-(1,3-oxazol-2-yl), 
C-(1,3-thiazol-2-yl), or C-(imidazol-2-yl); wherein alkyl is 
unsubstituted or Substituted with one to three groups inde 
pendently Selected from halogen, amino, hydroxy, carboxy, 
or C alkoxy; or 
0013 A is N, and G is CH, and D is CH, C-CN, 
C-NO, C-C alkyl, C-NHCONH, C-CONY'Y', 
C–CSNY'Y', C -COOY'', C-hydroxy, C–C alkoxy, 
C-amino, C-C1-4 alkylamino, C-di(C. alkyl)amino, 
C-halogen, C-(1,3-oxazol-2-yl), C-(1,3-thiazol-2-yl), or 
C-(imidazol-2-yl); wherein alkyl is unsubstituted or substi 
tuted with one to three groups independently Selected from 
halogen, amino, hydroxy, carboxy, or C- alkoxy, 

0014) E is N and L is CY; or E is CY and L is N; 
0.015 W is O or S; 
0016. Y', Y, Y- and Y each independently are a 
linkage to a further of Said nucleoside units of Said 
compound; hydrogen; hydroxyl; halogen; C. alk 
enyl, C. alkynyl, or C. alkyl optionally Substi 
tuted with amino, hydroxy, or 1 to 3 fluorine atoms, 
Coalkoxy, optionally Substituted with Calkoxy, 
C. thioalkoxy or 1 to 3 fluorine atoms, C. alk 
enyloxy, C alkylthio; Cls alkylcarbonyloxy, ary 
loxycarbonyl; azido; amino; Ca alkylamino; di(C, 
alkyl)amino; or Y'; 

0017 Y is H, C, alkyl, Calkenyl, C. alkynyl, 
C. alkylamino, CF, and halogen; 

0.018 Y is H, OH, SH, NH, C, alkylamino, 
di(C, alkyl)amino, Css cycloalkylamino, halogen, 
C, alkyl, C. alkoxy, or CF3; 

0.019 Y7 is hydrogen, amino, Calkylamino, C. 
cycloalkylamino, or di(C. alkyl)amino; 

0020 Y is H, halogen, CN, carboxy, Calkyloxy 
carbonyl, N, amino, C alkylamino, di(C. alky 
l)amino, hydroxy, C. alkoxy, C-6 alkylthio, C16 
alkylsulfonyl, or (C. alkyl)o aminomethyl; 

0021) Y” is O-Y', hydroxy, or O-P(=W)OH, 
or a linkage to a further of Said nucleoside units of 
Said compound; 
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0022 Y' is a conjugate molecule or a reporter 
molecule, 

0023) each Y''' is independently H or C, alkyl; 
0024 Y''' and Y are each independently hydrogen 
C2 alkenyl, C2-alkynyl, or C- alkyl optionally 
substituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Co alkoxy, optionally Substituted with C. 
alkoxy, C. thioalkoxy or 1 to 3 fluorine atoms, C. 
alkenyloxy; C, alkylthio; or Y' and Y together 
with the carbon atom to which they are attached form 
a 3- to 6-membered Saturated monocyclic ring Sys 
tem optionally containing a heteroatom Selected 
from O, S, and NC alkyl; 

0.025 Y''' is H, CF, C alkyl, amino, C alky 
lamino, Ce cycloalkylamino, or di(C. alky 
l)amino; and 

0026 at least one of Y', Yi, Y, Y" or Y is a linkage 
to a further of Said nucleoside units of Said com 
pound. 

0027 Certain particularly preferred compounds of the 
invention, where the variables Y' through Y''' are as 
described above, include oligonucleotides and oligonucleo 
SideS wherein at least one of the nucleoside unitS is a 
nucleoside of the Structure: 

0028. Other particularly preferred compounds of the 
invention, where the variables Y' through Y''' are as 
described above, include oligonucleotides and oligonucleo 
SideS wherein at least one of the nucleoside unitS is a 
nucleoside of the Structure: 

0029. Other particularly preferred compounds of the 
invention, where the variables Y' through Y''' are as 
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described above, include oligonucleotides and oligonucleo 
SideS wherein at least one of the nucleoside unitS is a 
nucleoside of the Structure: 

Y6 

D NN 

Kll O A. 4. Y7 y9 Y4y 

0.030. Other particularly preferred compounds of the 
invention, where the variables Y' through Y''' are as 
described above, include oligonucleotides and oligonucleo 
SideS wherein at least one of the nucleoside unitS is a 
nucleoside of the Structure: 

Y6 

N NN 

O N Nulls 14 
y9 Y4Y Y 

Y12 Y13 

53 2 

0031. Other particularly preferred compounds of the 
invention, where the variables Y' through Y''' are described 
above, include oligonucleotides and oligonucleosides 
wherein at least one of the nucleoside units is a nucleoside 
of the structure: 

0032. Other particularly preferred compounds of the 
invention, where the variables Y' through Y''' are described 
above, include oligonucleotides and oligonucleosides 
wherein at least one of the nucleoside units is a nucleoside 
of the structure: 
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0033. Other particularly preferred compounds of the 
invention, where the variables Y through Y''' are described 
above, include oligonucleotides and oligonucleosides 
wherein at least one of the nucleoside units is a nucleoside 
of the structure: 

0034. This invention further provides a compound com 
prising a plurality of linked nucleoside units, at least one of 
Said nucleoside units comprising a modified nucleoside of 
Structural formula I of the indicated Stereochemical configu 
ration: 

0035 wherein B is selected from the group consisting of 

0036) A is N or CH; 

0037) G is N or CH; 

0038) D is N; 
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0039 E is N or CY: 
0040 L is N or CY; 
0041) W is O or S; 
0042 Y is hydroxyl; halogen; C. alkenyl, C. 
alkynyl, or C alkyl optionally Substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms, Co 
alkoxy, optionally Substituted with C alkoxy, C. 
thioalkoxy or 1 to 3 fluorine atoms, Calkenyloxy; 
C. alkylthio; Cls alkylcarbonyloxy, aryloxycarbo 
nyl; azido; amino; C alkylamino; di(C. alky 
l)amino; or Y'; 

0.043 Y° is hydrogen, hydroxyl; halogen; C. alk 
enyl, C. alkynyl, or C. alkyl optionally Substi 
tuted with amino, hydroxy, or 1 to 3 fluorine atoms, 
Coalkoxy, optionally Substituted with Calkoxy, 
C. thioalkoxy or 1 to 3 fluorine atoms, Ce alk 
enyloxy; C alkylthio; Cls alkylcarbonyloxy, ary 
loxycarbonyl, azido; amino, Calkylamino; di(C. 
alkyl)amino; or Y'; provide that Y2 is not hydrogen 
when Y1 is fluoro or hydroxyl; 

0044 one of Y3 or Y4is a linkage to a further of said 
nucleoside units of Said compound and the other of 
Y3 or Y4 is hydrogen; hydroxyl; halogen; C. 
alkenyl, C. alkynyl, or C. alkyl optionally Sub 
stituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Co alkoxy, optionally Substituted with C. 
alkoxy, C. thioalkoxy or 1 to 3 fluorine atoms, C. 
alkenyloxy, C alkylthio; Cls alkylcarbonyloxy, 
aryloxycarbonyl, azido; amino, C alkylamino; 
di(C, alkyl)amino; or Y'; 

0045 Y is H, C, alkyl, Calkenyl, C. alkynyl, 
C. alkylamino, CF, and halogen; 

0046) Y is H, OH, SH, NH, C, alkylamino, 
di(C, alkyl)amino, Css cycloalkylamino, halogen, 
C, alkyl, C. alkoxy, or CF; 1. 

0047 Y is hydrogen, amino, C, alkylamino, C. 
cycloalkylamino, or di(C. alkyl)amino; 

0048 Y is H, halogen, CN, carboxy, Calkyloxy 
carbonyl, N, amino, C alkylamino, di(C. alky 
l)amino, hydroxy, Ce alkoxy, Ce alkylthio, C. 
alkylsulfonyl, or (C. alkyl)o aminomethyl; 

0049) Y is O-Y9, hydroxy, or O-P(=W)OH, 
or a linkage to a further of Said nucleoside units of 
Said compound; 

0050 Y' is a conjugate molecule or a reporter 
molecule, 

0051) each Y' is independently H or C, alkyl; and 
0.052 Y''' and Y are each independently hydrogen; 
C2-alkenyl, C2-alkynyl, or C- alkyl optionally 
substituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Co alkoxy, optionally Substituted with C. 
alkoxy, C. thioalkoxy or 1 to 3 fluorine atoms, C. 
alkenyloxy; C alkylthio; or Y''' and Y together 
with the carbon atom to which they are attached form 
a 3- to 6-membered Saturated monocyclic ring Sys 
tem optionally containing a heteroatom Selected 
from O, S, and NC0-4 alkyl; and 
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0053) Y''' is H, CF, C, alkyl, amino, C, alky 
lamino, Ce cycloalkylamino, or di(C. alky 
l)amino. 

0054 Certain perferred compounds of the invention 
include compounds that comprise a plurality of linked 
nucleoside units, at least one of Said nucleoside units com 
prising a modified nucleoside of the Structures: 

Y6 

D NN 

Sull O 

O A. 4. Y7 y9 Y-yi 
Y-12 Y13 

3 2 
Y6 

s 's-l. O SN W 
y9 Y4yf 

Y-12 Y13 

3 2 

0.055 wherein 
0056) A is N or CH; 
0057) G is N or CH; 
0058) D is N; 
0059) E is N or CY: 
0060 L is N or CY; 
0061 W is O is S; 
0062) Y is hydroxyl; halogen; C. alkenyl, C. 
alkynyl, or C alkyl optionally Substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms, Co 
alkoxy, optionally Substituted with C alkoxy, C. 
thioalkoxy 1 to 3 fluorine atoms; C alkenyloxy; 
C, alkylthio; Cls alkylcarbonyloxy; aryloxycarbo 
nyl; azido; amino; C alkylamino; di(C. alky 
l)amino; or Y'; 

0063 Yi is hydrogen, hydroxyl; halogen; C. alk 
enyl, C. alkynyl, or C. alkyl optionally Substi 
tuted with amino, hydroxy, or 1 to 3 fluorine atoms, 
Coalkoxy, optionally Substituted with Calkoxy, 
C. thioalkoxy or 1 to 3 fluorine atoms, Ce alk 
enyloxy; C alkylthio; Cls alkylcarbonyloxy, ary 
loxycarbonyl; azido; amino; Ca alkylamino; di(C, 
alkyl)amino; Y'; provide that Y2 is not hydrogen 
when Y1 is fluoro or hydroxyl; 

0064 one of Y3 or Y4is a linkage to a further of said 
nucleoside units of Said compound and the other of 
Y3 or Y4 is hydrogen; hydroxyl; halogen; C. 
alkenyl, C. alkynyl, or C. alkyl optionally Sub 
stituted with amino, hydroxy, or 1 to 3 fluorine 
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atoms; Coalkoxy, optionally Substituted with C. 
alkoxy, C. thioalkoxy or 1 to 3 fluorine atoms, C. 
alkenyloxy; C alkylthio; Cls alkylcarbonyloxy, 
aryloxycarbonyl, azido; amino; C alkylamino; 
di(C, alkyl)amino; or Y'; 

0065 Y is H, C, alkyl, Calkenyl, C. alkynyl, 
C. alkylamino, CF, and halogen; 

0.066 Y is H, OH, SH, NH, C, alkylamino, 
di(C, alkyl)amino, Css cycloalkylamino, halogen, 
C, alkyl, C. alkoxy, or CF; 1. 

0067 Y is hydrogen, amino, C, alkylamino, C. 
cycloalkylamino, or di(C. alkyl)amino; 

0068 Y is H, halogen, CN, carboxy, Calkyloxy 
carbonyl, N, amino, C alkylamino, di(C. alky 
l)amino, hydroxy, C. alkoxy, C-6 alkylthio, C16 
alkylsulfonyl, or (C. alkyl)aminomethyl; 

0069 Y” is O-Y', hydroxy, or O-P(=W)OH, 
or a linkage to a further of Said nucleoside units of 
Said compound; 

0070 Y''' is a conjugate molecule or a reporter 
molecule, 

0.071) each Y''' is independently H or C. alkyl; and 
0.072 Y''' and Y are each independently hydrogen; 
C2-alkenyl, C2-alkynyl, or C- alkyl optionally 
substituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Co alkoxy, optionally Substituted with C. 
alkoxy, C thioalkoxy or 1 to 3 fluorine atoms, C 
alkenyloxy; C alkylthio; or Y' and Y° together 
with the carbon atom to which they are attached form 
a 3- to 6-membered Saturated monocyclic ring Sys 
tem optionally containing a heteroatom Selected 
from O, S, and NC alkyl; and 

0073 Y''' is H, CF, C, alkyl, amino, C, alky 
lamino, Ce cycloalkylamino, or di(C. alky 
l)amino. 
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0080) Y is hydroxyl; halogen; C. alkenyl, C. 
alkynyl, or C alkyl optionally Substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms, Co 
alkoxy, optionally Substituted with C alkoxy, C. 
thioalkoxy or 1 to 3 fluorine atoms, Calkenyloxy, 
Calkylthio; Cls alkylcarbonyloxy, aryloxycarbo 
nyl; azido; amino; C alkylamino; di(C. alky 
l)amino; or Y'; 

0081) Y° is hydrogen, hydroxyl; halogen; C. alk 
enyl, C. alkynyl, or C. alkyl optionally Substi 
tuted with amino, hydroxy, or 1 to 3 fluorine atoms, 
Coalkoxy, optionally Substituted with Calkoxy, 
C. thioalkoxy or 1 to 3 fluorine atoms, Ce alk 
enyloxy, C. alkylthio; Cls alkylcarbonyloxy, ary 
loxycarbonyl; azido; amino; Ca alkylamino; di(C, 
alkyl)amino; or Y'; provide that Y2 is not hydrogen 
when Y1 is fluoro or hydroxyl; 

0082 one of Y3 or Y4is a linkage to a further of said 
nucleoside units of Said compound and the other of 
Y3 or Y4 is hydrogen; hydroxyl; halogen; C. 
alkenyl, C. alkynyl, or C. alkyl optionally Sub 
stituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Co alkoxy, optionally Substituted with C. 
alkoxy, C. thioalkoxy or 1 to 3 fluorine atoms, C. 
alkenyloxy; C alkylthio; Cls alkylcarbonyloxy; 
aryloxycarbonyl, azido; amino, C. alkylamino; 
di(C, alkyl)amino; or Y"; 

0083) Y is H, C, alkyl, Calkenyl, Calkynyl, 
C. alkylamino, CF, and halogen; 

0084 Y is H, OH, SH, NH, C, alkylamino, 
di(C, alkyl)amino, Cas cycloalkylamino, halogen, 
C, alkyl, C. alkoxy, or CF; 

0085) Y7 is hydrogen, amino, Calkylamino, C. 
cycloalkylamino, or di(C. alkyl)amino; 

0086) Y is H, halogen, CN, carboxy, C, alkyloxy 
carbonyl, N, amino, Calkylamino, di(C. alky 

0.074. Further preferred compounds of the invention 
include compounds that comprise a plurality of linked 
nucleoside units, at least one of Said nucleoside units com 
prising a modified nucleoside of the Structure: 

l)amino, hydroxy, Co alkoxy, C-6 alkylthio, C16 
alkylsulfonyl, or (C. alkyl)aminomethyl; 

0087 Y” is O-Y', hydroxy, or O-P(=W)OH, 
or a linkage to a further of Said nucleoside units of 
Said compound; 

0088 Y' is a conjugate molecule or a reporter 
molecule, 

D n N 

y-( 1. 0089 each Y is independently H or C alkyl; and 
2 

>, < G Y7 0090. Y''' and Y are each independently hydrogen; 
Y-12 Y13 Calkenyl, C. alkynyl, or C. alkyl optionally 

substituted with amino, hydroxy, or 1 to 3 fluorine 
3 atoms; Co alkoxy, optionally Substituted with C. 
Y alkoxy or 1 to 3 fluorine atoms, Calkenyloxy, C 

alkylthio; or Y''' and Y together with the carbon 
atom to which they are attached form a 3- to 6-mem 
bered Saturated monocyclic ring System optionally 
containing a heteroatom Selected from O, S, and 
NC, alkyl; and 

0075) wherein 
0.076 A is N or CH; 
0077 G is N or CH; 

NT. 0091) Y''' is H, CF, C, alkyl, amino, C, alky 
c W. S SA C. cycloalkylamino, or di(C. alky 

IS U or S, O. 
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0092 Additional preferred compounds of the invention 
include compounds that comprise a plurality of linked 
nucleoside units, at least one of Said nucleoside units com 
prising a modified nucleoside of the Structure: 

Y6 

s 
L 

O SN W 
y9 Y4Y 

Y-12 Y13 

3 2 

0093 wherein 
0094) E is N or CY; 
0095 L is N or CY; 
0.096 W is O or S; 
0097 Y is hydroxyl; halogen; C. alkenyl, C. 
alkynyl, or C alkyl optionally Substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms; Co 
alkoxy, optionally Substituted with C alkoxy, C. 
thioalkoxy or 1 to 3 fluorine atoms, Calkenyloxy; 
C. alkylthio; Cls alkylcarbonyloxy, aryloxycarbo 
nyl; azido; amino; C alkylamino; di(C. alky 
l)amino; or Y'; 

0.098 Y is hydrogen, hydroxyl; halogen; C. alkenyl, 
C. alkynyl, or C. alkyl optionally substituted with amino, 
hydroxy, or 1 to 3 fluorine atoms; Co alkoxy, optionally 
Substituted with C alkoxy, C thioalkoxy or 1 to 3 
fluorine atoms, Calkenyloxy, C alkylthio; Cls alkyl 
carbonyloxy, aryloxycarbonyl, azido; amino; C alky 
lamino; di(C. alkyl)amino; or Y'; provide that Y2 is not 
hydrogen when Y1 is fluoro or hydroxyl; 

0099 one of Y3 or Y4is a linkage to a further of said 
nucleoside units of Said compound and the other of 
Y3 or Y4 is hydrogen; hydroxyl; halogen; C. 
alkenyl, C. alkynyl, or C. alkyl optionally Sub 
stituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Coalkoxy, optionally Substituted with C. 
alkoxy, C. thioalkoxy or 1 to 3 fluorine atoms, C. 
alkenyloxy; C alkylthio; Cls alkylcarbonyloxy, 
aryloxycarbonyl, azido; amino, C alkylamino; 
di(C. alkyl)amino; or Y'; 

0100 Y is H, C, alkyl, Calkenyl, Ce alkynyl, 
C. alkylamino, CF, and halogen; 

0101 Y is H, OH, SH, NH, C, alkylamino, 
di(C, alkyl)amino, C. cycloalkylamino, halogen, 
C, alkyl, C. alkoxy, or CF3; 1. 

0102) Y is hydrogen, amino, C. alkylamino, Cas 
cycloalkylamino, or di(C. alkyl)amino; 

0103) Y is H, halogen, CN, carboxy, Calkyloxy 
carbonyl, N, amino, C alkylamino, di(C. alky 
l)amino, hydroxy, C. alkoxy, C-6 alkylthio, C16 
alkylsulfonyl, or (C. alkyl)aminomethyl; 
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(01.04] Y9 is O-Y", hydroxy, or O-P(=W)O.H., 
or a linkage to a further of Said nucleoside units of 
Said compound; 

0105) Y''' is a conjugate molecule or a reporter 
molecule, 

01.06) 
0107 Y''' and Y are each independently hydrogen; 
C2 alkenyl, C2-alkynyl, or C- alkyl optionally 
substituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Coalkoxy, optionally Substituted with C. 
alkoxy, C. thioalkoxy or 1 to 3 fluorine atoms, C. 
alkenyloxy; C alkylthio; or Y' and Y° together 
with the carbon atom to which they are attached form 
a 3- to 6-membered Saturated monocyclic ring Sys 
tem optionally containing a heteroatom Selected 
from O, S, and NC alkyl; and 

0108) Y''' is H, CF, C, alkyl, amino, C, alky 
lamino, Ce cycloalkylamino, or di(C. alky 
l)amino. 

each Y''' is independently H or C, alkyl; and 

0109 Particularly preferred compounds are compounds 
where one of Y and Y’ is methyl and the other of Y and Y’ 
is hydroxyl or halogen. 
0110 For the sake of simplicity of the above structures, 
certain of the Structure illustrate only one of various possible 
tautomeric forms of the particular structure. This invention 
is not meant to be limited to only the illustrated tautomeric 
form but should be construed to include other of the possible 
tautomeric forms of these structures. 

0111. In the above compounds wherein one or more of 
Y', Yi, Y, Y" or Y is a linkage to a further of said 
nucleoside units of Said compound, in one embodiment of 
the invention the linkages can include a phosphorous atom. 
Such compounds comprise an oligonucleotide. In preferred 
oligonucleotide compounds of the invention the plurality of 
nucleoside units are linked together in the oligonucleotide 
by phosphodiester, phosphorothioate, chiral phosphorothio 
ate, phosphorodithioate, phosphotriester, aminoalkylphos 
photriester, methyl or alkyl phosphonate, 3'-alkylene phos 
phonate, 5'-alkylene phosphonate, chiral phosphonate, 
phosphinate, 3'-amino phosphoramidate, aminoalkylphos 
phoramidate, thionophosphoramidate, thionoalkyl-phospho 
nate, thionoalkylphosphotriester, Selenophosphates or bora 
nophosphate linkages. 

0112) In the above compounds wherein one of Y', Yi, Y, 
Y' or Y is a linkage to a further of said nucleoside units of 
Said compound, in a further embodiment of the invention the 
linkages can include carbon, Sulfur, OXygen, nitrogen or 
Silicon atoms or combinations thereof. Such compounds 
comprise an oligonucleosides. In preferred oligonucleoside 
compounds of the invention the plurality of nucleoside units 
are linked together in the oligonucleoside by morpholino, 
Siloxane, Sulfide, Sulfoxide, Sulfone, formacetal, thioformac 
etal, methylene formacetal, methylene thioformacetal, 
riboacetal, alkene, Sulfamate, methyleneimino, methylene 
hydrazino, Sulfonate, Sulfonamide or amide linkages. 
0113. In other embodiments of the invention, some of the 
nucleoside units can be linked by phosphorous atoms plus 
other heteroatoms, as for example, a morpholino linkage that 
includes both of these types of atoms. In even additional 
embodiments of the invention, Some nucleoside units can be 
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linked by phosphorous containing linkages and Some by 
other hetero atom linkages forming a compound having both 
oligonucleotide and oligonucleoside parts thereof. 
0114. Further preferred compounds of the invention 
include one or more nucleoside linked together with inverted 
internucleotide linkages that are 3' to 3' or 5' to 5" linkages. 
Preferred of these inverted polarity linkages are single 3' to 
3' linkage at the 3'-most internucleotide linkage of Said 
compound. 
0115 Other preferred compounds of the invention 
include a plurality of linked nucleoside units linked together 
to form a chimeric oligonucleotide having a first region 
capable of Serving as a Substrate for an RNA cleaving 
enzyme and a Second region containing Said nucleoside of 
structural formula I. Preferred are compounds where the 
RNA cleaving enzyme is an RNase H enzyme or a dsRNase 
enzyme. 

011.6 Additional preferred compounds of the invention 
include at least one nucleosides described above and at least 
one further 2'-deoxynucleoside or 2'-ribonucleoside, i.e., 
2'-H or 2'-OH nucleosides. Other preferred compounds 
include at least one nucleoside described above and at least 
one further nucleoside that is a nucleoside having a 2" 
Substituent group and wherein Said Substituent group is 
C-Co alkyl, Ca-Coalkenyl, Ca-Cao alkynyl, Cs-Co aryl, 
-O-alkyl, -O-alkenyl, -O-alkynyl O-alkylamino, -O- 
alkylalkoxy, -O-alkylaminoalkyl, -O-alkyl imidazole, 
-OH, -SH, -S-alkyl, -S-alkenyl, -S-alkynyl, 
-N(H)-alkyl, -N(H)-alkenyl, -N(H)-alkynyl, 
-N(alkyl), -O-aryl, -S-aryl, -NH-aryl, -O-aralkyl, 
-S-aralkyl, -N(H)-aralkyl, phthalimido (attached at N), 
halogen, amino, keto (-CO=O)-R), carboxyl 
(-C(=O)CH), nitro (-NO), nitroso (-N=O), cyano 
(-CN), trifluoromethyl (-CF), trifluoromethoxy (-O- 
CF), imidazole, azido (-N), hydrazino (-N(H)-NH), 
aminooxy (-O-NH), isocyanato (-N=C=O), sulfox 
ide (-S(=O)-R), sulfone (-S(=O)-R), disulfide 
(-S-S-R), Sillyl, heterocycle, carbocycle, intercalator, 
reporter group, conjugate, polyamine, polyamide, polyalky 
lene glycol, and polyethers of the formula (-O-alkyl), 
where m is 1 to about 10; wherein each R is, independently, 
hydrogen, a protecting group or Substituted or unsubstituted 
alkyl, alkenyl, or alkynyl wherein Said Substituted alkyl, 
alkenyl, or alkynyl are Substituted with haloalkyl, alkenyl, 
alkoxy, thioalkoxy, haloalkoxy, aryl groups as well as halo 
gen, hydroxyl, amino, azido, carboxy, cyano, nitro, mer 
capto, Sulfides, Sulfones, or Sulfoxides. A particularly pre 
ferred 2 substituent group is the group -O-CH-CH 
O-CH. 
0117 The oligonucleotide and oligonucleoside com 
pounds of the present invention are particularly useful as 
antisense oligonucleotides and oligonucleosides, which are 
oligonucleotides and oligonucleosides targeted to a nucleic 
acid encoding a gene and which modulate the expression of 
that gene. 
0118 Pharmaceutical and other compositions comprising 
the compounds of the invention are also provided. Further 
provided are methods of modulating the expression of a 
gene in cells or tissues comprising contacting Said cells or 
tissues with one or more of the oligonucleotide or oligo 
nucleoside compounds or compositions of the invention. 
Further provided are methods of treating an animal, particu 
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larly a human, Suspected of having or being prone to a 
disease or condition associated with expression of a gene by 
administering a therapeutically or prophylactically effective 
amount of one or more of the oligonucleotide compounds or 
compositions of the invention. 
0119) The oligonucleotides and oligonucleosides of the 
invention are also useful for use related to RNAi. For use 
related to RNAi preferred forms of oligomeric compound of 
the invention include a Single-Stranded antisense oligonucle 
otide that binds in a RISC complex, a double antisense/sense 
pair of oligonucleotide or a Single Strand oligonucleotide 
that includes both an antisense portion and a Sense portion. 
Each of these compounds or compositions is used to induce 
potent and Specific modulation of gene function. Such 
Specific modulation of gene function has been shown in 
many species by the introduction of double-Stranded Struc 
tures, such as double-stranded RNA (dsRNA) molecules and 
has been shown to induce potent and Specific antisense 
mediated reduction of the function of a gene or its associated 
gene products. This phenomenon occurs in both plants and 
animals and is believed to have an evolutionary connection 
to viral defense and transposon Silencing. Particularly pre 
ferred are oligonucleotides or oligonucleosides used as a 
SiRNA molecule having first and Second Strands, at least one 
of Said Strands comprising one of the compounds as 
described above. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0.120. The present invention relates to oligonucleotides 
and oligonucleosides that include at least one modified 
nucleoside unit. Oligonucleotides and oligonucleosides of 
the invention having modified nucleoside units are useful as 
antisense oligonucleotides, ribozymes, aptamers, for use as 
SiRNAS, as diagnostic and research reagents and as probe 
and primers especially RT-PCR probes and primers. 
0121 Antisense oligonucleotides have been employed as 
therapeutic moieties in the treatment of disease States in 
animals and man. AntiSense oligonucleotide drugs, includ 
ing ribozymes, have been safely and effectively adminis 
tered to humans and numerous clinical trials are presently 
underway. It is thus established that oligonucleotides can be 
useful therapeutic modalities that can be configured to be 
useful in treatment regimes for treatment of cells, tissues and 
animals, especially humans. 
0122) In the context of this invention, the term “oligo 
nucleotide' refers to an oligomer or polymer of ribonucleic 
acid (RNA) or deoxyribonucleic acid (DNA) or mimetics 
thereof. This term includes oligonucleotides composed of 
naturally-occurring nucleobases, Sugars and covalent inter 
nucleoside (backbone) linkages as well as oligonucleotides 
having non-naturally-occurring portions which function 
Similarly. Such modified or Substituted oligonucleotides are 
often preferred over native forms because of desirable 
properties Such as, for example, enhanced cellular uptake, 
enhanced affinity for nucleic acid target and increased Sta 
bility in the presence of nucleases. 
0123. While antisense oligonucleotides are a preferred 
form of the oligonucleotides of the invention, the present 
invention comprehends other oligonucleotide compounds 
useful in other applications, including but not limited to 
oligonucleotide mimetics Such as are described below. The 
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oligonucleotides compounds in accordance with this inven 
tion preferably comprise from about 8 to about 80 nucleo 
bases (i.e. from about 8 to about 80 linked nucleosides or 
nucleoside units). Particularly preferred are antisense oligo 
nucleotides from about 12 to 50 nucleobases, even more 
preferably those comprising from about 15 to about 30 
nucleobases. AntiSense oligonucleotides include ribozymes, 
external guide sequence (EGS) oligonucleotides (oli 
gozymes), and other short catalytic RNAS or catalytic oli 
gonucleotides that hybridize to the target nucleic acid and 
modulate its expression including siRNAS. 

0.124 AS is known in the art, a nucleoside is a base-Sugar 
combination. The base portion of the nucleoside is normally 
a heterocyclic base. The two most common classes of Such 
heterocyclic bases are the purines and the pyrimidines. 
Nucleotides are nucleosides that further include a phosphate 
group covalently linked to the Sugar portion of the nucleo 
Side. For those nucleosides that include a pentofuranosyl 
Sugar, the phosphate group can be linked to either the 2',3' 
or 5’ hydroxyl moiety of the Sugar. In forming oligonucle 
otides, the phosphate groups covalently link adjacent 
nucleosides to one another to form a linear polymeric 
compound. In turn the respective ends of this linear poly 
meric Structure can be further joined to form a circular 
Structure, however, open linear Structures are generally 
preferred. Within the oligonucleotide structure, the phos 
phate groups are commonly referred to as forming the 
internucleoside backbone of the oligonucleotide. The nor 
mal linkage or backbone of RNA and DNA is a 3' to 5' 
phosphodiester linkage. Oligonucleotides have also been 
linked 240 to 5'. 

0.125 Oligonucleotide and oligonucleoside compounds 
of the invention include at least one modified nucleoside unit 
of structural formula I of the indicated Stereochemical 
configuration: 
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-continued 
Y6 Y7 Y7 

1. Y1 1. Y11 NN NN1 NN 21 N1 

's-l. NN W, N W, and N W ; 

0127) A is CH, and G is N or CH, and D is N, CH, 
C-CN, C-NO, C-C alkyl, C-NHCONH, 
C CONY'Y', C CSNY'Y', C. COOY 1, C-hy 
droxy, C-C alkoxy, C-amino, C-C alkylamino, 
C-di(C, alkyl)amino, C-halogen, C-(1,3-oxazol-2-yl), C-(1, 
3-thiazol-2-yl), or C-(imidazol-2-yl); wherein alkyl is 
unsubstituted or Substituted with one to three groups inde 
pendently Selected from halogen, amino, hydroxy, carboxy, 
or C alkoxy; or 

0128) A is N, and G is CH, and D is CH, C-CN, 
C-NO, C-C alkyl, C-NHCONH2, 
C CONYi Yi, C. CSNY Y-1', C. COOY 1, 
C-hydroxy, C-C alkoxy, C-amino, C-C alky 
lamino, C-di(C. alkyl)amino, C-halogen, C-(1,3- 
oxazol-2-yl), C-(1,3-thiazol-2-yl), or C-(imidazol-2- 
yl); wherein alkyl is unsubstituted or substituted with 
one to three groups independently Selected from 
halogen, amino, hydroxy, carboxy, or C- alkoxy, 

0129. E is N and L is CY; or E is CY and L is N; 
0130 W is O or S; 
0131 Y', Y, Y- and Y each independently are a 
linkage to a further of Said nucleoside units of Said 
compound; hydrogen; hydroxyl; halogen; C. alk 
enyl, C. alkynyl, or C. alkyl optionally Substi 
tuted with amino, hydroxy, or 1 to 3 fluorine atoms, 
Coalkoxy, optionally Substituted with Calkoxy, 
C. thioalkoxy or 1 to 3 fluorine atoms, Ce alk 
enyloxy, C. alkylthio; Cls alkylcarbonyloxy, ary 
loxycarbonyl, azido; amino; C alkylamino; di(C. 
alkyl)amino; or Y'; 

0132) Y is H, C, alkyl, Calkenyl, Ce alkynyl, 
C. alkylamino, CF, and halogen; 

0133) Y is H, OH, SH, NH, C, alkylamino, 
di(C, alkyl)amino, Cas cycloalkylamino, halogen, 
C, alkyl, C. alkoxy, or CF; 

0134) Y is hydrogen, amino, CA alkylamino, C. 
cycloalkylamino, or di(C. alkyl)amino; 

0135) Y is H, halogen, CN, carboxy, Calkyloxy 
carbonyl, N, amino, Calkylamino, di(C. alky 
l)amino, hydroxy, Ce alkoxy, Ce alkylthio, C. 
alkylsulfonyl, or (C. alkyl)o aminomethyl; 

0136. Y is O-Y, hydroxy, or P(=W)OH, or a 
linkage to a further of Said nucleoside units of Said 
compound; 

0137) Y''' is a conjugate molecule or a reporter 
molecule, 

0138) each Y''' is independently H or C alkyl; 
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0139 Y''' and Y are each independently hydrogen, 
C2-alkenyl, C2-alkynyl, or C- alkyl optionally 
substituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Co alkoxy, optionally Substituted with C. 
alkoxy, C. thioalkoxy or 1 to 3 fluorine atoms, C. 
alkenyloxy; C alkylthio; or Y' and Y° together 
with the carbon atom to which they are attached form 
a 3- to 6-membered Saturated monocyclic ring Sys 
tem optionally containing a heteroatom Selected 
from O, S, and NC alkyl; 

0140 Y''' is H, CF, C alkyl, amino, C alky 
lamino, Ce cycloalkylamino, or di(C. alky 
l)amino; and 

0141 at least one of Y', Yi, Y, Y" or Y is a linkage 
to a further of Said nucleoside units of Said com 
pound. 

0142 Particularly preferred compounds of the invention 
include oligonucleotides and oligonucleosides wherein at 
least one of the nucleoside units is a nucleoside of the 
Structure: 

0143 where 
0144 W is O or S; 
0145 Y is hydroxyl; halogen; C. alkenyl, C. 
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aryloxycarbonyl, azido; amino, C. alkylamino; 
di(C. alkyl)amino; or Y"; 

0148 Y is H, C, alkyl, Calkenyl, C-alkynyl, 
C 14 alkylamino, CF, and halogen; 

0149 Y is H, OH, SH, NH, C, alkylamino, 
di(C, alkyl)amino, Css cycloalkylamino, halogen, 
C, alkyl, C. alkoxy, or CF3; 1. 

0150 Y is hydrogen, amino, C, alkylamino, C. 
cycloalkylamino, or di(C. alkyl)amino; 

0151) Y is H, halogen, CN, carboxy, C, alkyloxy 
carbonyl, N, amino, Calkylamino, di(C. alky 
l)amino, hydroxy, Co alkoxy, C-6 alkylthio, C16 
alkylsulfonyl, or (C. alkyl)o aminomethyl; 

0152 Y is O-Y9, hydroxy, or O-P(=W)OH, 
or a linkage to a further of Said nucleoside units of 
Said compound; 

0153. Y''' is a conjugate molecule or a reporter 
molecule, 

0154) each Y''' is independently H or C alkyl; 
0155 Y''' and Y are each independently hydrogen; 
C2 alkenyl, C2-alkynyl, or C- alkyl optionally 
substituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Coalkoxy, optionally Substituted with C. 
alkoxy, C thioalkoxy or 1 to 3 fluorine atoms; C. 
alkenyloxy; C, alkylthio; or Y' and Y together 
with the carbon atom to which they are attached form 
a 3- to 6-membered Saturated monocyclic ring Sys 
tem optionally containing a heteroatom Selected 
from O, S, and NC alkyl; and 

0156 Y''' is H, CF, C, alkyl, amino, C, alky 
lamino, Ce cycloalkylamino, or di(C. alky 
l)amino. 

alkynyl, or C alkyl optionally Substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms, Co 
alkoxy, optionally Substituted with C alkoxy, C. 
thioalkoxy or 1 to 3 fluorine atoms, Calkenyloxy, 
Calkylthio; Cls alkylcarbonyloxy, aryloxycarbo 
nyl; azido; amino; C alkylamino; di(C. alky 
l)amino; or Y'; 

0146) Y is hydrogen, hydroxyl; halogen; C. alk 
enyl, C. alkynyl, or C. alkyl optionally Substi 
tuted with amino, hydroxy, or 1 to 3 fluorine atoms, 
Coalkoxy, optionally Substituted with Calkoxy, 
C. thioalkoxy or 1 to 3 fluorine atoms, C. alk 
enyloxy, C alkylthio; Cls alkylcarbonyloxy, ary 
loxycarbonyl; azido; amino; Ca alkylamino; di(C, 
alkyl)amino; or Y'; provide that Y2 is not hydrogen 
when Y1 is fluoro or hydroxyl; 

0147 one of Y3 or Y4is a linkage to a further of said 
nucleoside units of Said compound and the other of 
Y3 or Y4 is hydrogen; hydroxyl; halogen; C. 
alkenyl, C. alkynyl, or C. alkyl optionally Sub 
stituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Coalkoxy, optionally Substituted with C. 
alkoxy, C. thioalkoxy or 1 to 3 fluorine atoms, C. 
alkenyloxy, C alkylthio; Cls alkylcarbonyloxy; 

O157. Further particularly preferred compounds of the 
invention include oligonucleotides and oligonucleosides 
wherein at least one of the nucleoside units is a nucleoside 
of the structure: 

0158 where 

0159) W is O or S; 
0160 Y is hydroxyl; halogen; C. alkenyl, C. 
alkynyl, or C alkyl optionally Substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms, Co 
alkoxy, optionally Substituted with C alkoxy, C. 
thioalkoxy or 1 to 3 fluorine atoms, Calkenyloxy; 
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C. alkylthio; Cls alkylcarbonyloxy, aryloxycarbo 
nyl; azido; amino; C alkylamino; di(C. alky 
l)amino; or Y'; 

0161) Y is hydrogen, hydroxyl; halogen; C. alk 
enyl, C. alkynyl, or C. alkyl optionally Substi 
tuted with amino, hydroxy, or 1 to 3 fluorine atoms, 
Coalkoxy, optionally Substituted with Calkoxy, 
C. thioalkoxy or 1 to 3 fluorine atoms, C. alk 
enyloxy, C alkylthio; Cls alkylcarbonyloxy, ary 
loxycarbonyl; azido; amino; Ca alkylamino; di(C, 
alkyl)amino; or Y'; provide that Y2 is not hydrogen 
when Y1 is fluoro or hydroxyl; 

0162 one of Y3 or Y4 is a linkage to a further of said 
nucleoside units of said compound and the other of Y3 or Y4 
is hydrogen; hydroxyl; halogen, C2-alkenyl, C2-alkynyl, 
or C. alkyl optionally Substituted with amino, hydroxy, or 
1 to 3 fluorine atoms; Co alkoxy, optionally Substituted 
with C alkoxy, C. thioalkoxy or 1 to 3 fluorine atoms, 
Calkenyloxy; C1-alkylthio; Cls alkylcarbonyloxy; ary 
loxycarbonyl, azido; amino, Calkylamino; di(C. alky 
l)amino; or Y'; 

0163 Y is H, C, alkyl, Calkenyl, Ce alkynyl, 
C. alkylamino, CF, and halogen; 

0164 Y is H, OH, SH, NH, C, alkylamino, 
di(C, alkyl)amino, Css cycloalkylamino, halogen, 
C, alkyl, C. alkoxy, or CF; 1. 

0165) Y is hydrogen, amino, CA alkylamino, C. 
cycloalkylamino, or di(C. alkyl)amino; 

0166 Y is H, halogen, CN, carboxy, Calkyloxy 
carbonyl, N, amino, C alkylamino, di(C. alky 
l)amino, hydroxy, C. alkoxy, C-6 alkylthio, C16 
alkylsulfonyl, or (C. alkyl)aminomethyl; 

0167 Y is O-Y9, hydroxy, or O-P(=W)OH, 
or a linkage to a further of Said nucleoside units of 
Said compound; 

0168 Y''' is a conjugate molecule or a reporter 
molecule, 

0169 each Y''' is independently H or C, alkyl; 
0170 Y and Y are each independently hydrogen; C. 
alkenyl, C. alkynyl, or C. alkyl optionally Substituted 
with amino, hydroxy, or 1 to 3 fluorine atoms; Coalkoxy, 
optionally Substituted with C alkoxy, C thioalkoxy or 1 
to 3 fluorine atoms; Coalkenyloxy; Ca alkylthio; or Y' 
and Y together with the carbon atom to which they are 
attached form a 3- to 6-membered Saturated monocyclic ring 
System optionally containing a heteroatom Selected from O, 
S, and NC alkyl, and 

0171 Y''' is H, CF, C alkyl, amino, C alky 
lamino, Ce cycloalkylamino, or di(C. alky 
l)amino. 

0172 Further particularly preferred compounds of the 
invention include oligonucleotides and oligonucleosides 
wherein at least one of the nucleoside units is a nucleoside 
of the structure: 
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Y6 

D n 

y8-6 2. 
O 2 

y9 Y4y A. G Y7 

Y-12 Y13 

a 5. 

0173 where 
0174) A is CH or N; 
0175) G is CH or N; 
0176) D is N; 
0177) W is O or S; 
0178) Y is hydroxyl; halogen; C. alkenyl, C. 
alkynyl, or C alkyl optionally Substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms, Co 
alkoxy, optionally Substituted with C alkoxy, C. 
thioalkoxy or 1 to 3 fluorine atoms, Calkenyloxy, 
Calkylthio; Cls alkylcarbonyloxy, aryloxycarbo 
nyl; azido; amino; C alkylamino; di(C. alky 
l)amino; or Y'; 

0179 Y is hydrogen, hydroxyl; halogen; C. alk 
enyl, C. alkynyl, or C. alkyl optionally Substi 
tuted with amino, hydroxy, or 1 to 3 fluorine atoms, 
Coalkoxy, optionally Substituted with Calkoxy, 
C. thioalkoxy or 1 to 3 fluorine atoms, Ce alk 
enyloxy, C. alkylthio; Cls alkylcarbonyloxy, ary 
loxycarbonyl, azido; amino; C alkylamino; di(C. 
alkyl)amino; or Y'; provide that Y2 is not hydrogen 
when Y1 is fluoro or hydroxyl; 

0180 one of Y3 or Y4is a linkage to a further of said 
nucleoside units of Said compound and the other of 
Y3 or Y4 is hydrogen; hydroxyl; halogen; C. 
alkenyl, C. alkynyl, or C. alkyl optionally Sub 
stituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Coalkoxy, optionally Substituted with C. 
alkoxy, C thioalkoxy or 1 to 3 fluorine atoms; C. 
alkenyloxy, C. alkylthio; Cls alkylcarbonyloxy, 
aryloxycarbonyl, azido; amino; C alkylamino; 
di(C, alkyl)amino; or Y"; 

0181 Y is H, C, alkyl, Calkenyl, Calkynyl, 
C. alkylamino, CF, and halogen; 

0182 Y is H, OH, SH, NH, C, alkylamino, 
di(C, alkyl)amino, Css cycloalkylamino, halogen, 
C, alkyl, C. alkoxy, or CF; 

0183) Y is hydrogen, amino, C, alkylamino, C. 
cycloalkylamino, or di(C. alkyl)amino; 

0184 Y is H, halogen, CN, carboxy, Calkyloxy 
carbonyl, N, amino, Calkylamino, di(C. alky 
l)amino, hydroxy, Ce alkoxy, Ce alkylthio, C. 
alkylsulfonyl, or (C. alkyl)o aminomethyl; 

0185. Y is O-Y9, hydroxy, or O-P(=W)OH, 
or a linkage to a further of Said nucleoside units of 
Said compound; 
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0186 Y' is a conjugate molecule or a reporter 
molecule, 

0187 each Y''' is independently H or C. alkyl; 
0188 Y''' and Y are each independently hydrogen; 
Calkenyl, C. alkynyl, or C. alkyl optionally 
substituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Coalkoxy, optionally Substituted with C. 
alkoxy, C, thioalkoxy or 1 to 3 fluorine atoms; C. 
alkenyloxy; C, alkylthio; or Y' and Y together 
with the carbon atom to which they are attached form 
a 3- to 6-membered Saturated monocyclic ring Sys 
tem optionally containing a heteroatom Selected 
from O, S, and NC alkyl; and 

0189 Y''' is H, CF, C alkyl, amino, C alky 
lamino, Ce cycloalkylamino, or di(C. alky 
l)amino. 

0190. Even further particularly preferred compounds of 
the invention include oligonucleotides and oligonucleosides 
wherein at least one of the nucleoside units is a nucleoside 
of the structure: 

0191 where 
0192 W is O or S; 
0193 Y is hydroxyl; halogen; C. alkenyl, C. 
alkynyl, or C alkyl optionally Substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms, Co 
alkoxy, optionally Substituted with C alkoxy, C. 
thioalkoxy or 1 to 3 fluorine atoms, Calkenyloxy, 
C. alkylthio; Cls alkylcarbonyloxy, aryloxycarbo 
nyl; azido; amino; C alkylamino; di(C. alky 
l)amino; or Y'; 

0194 Y° is hydrogen, hydroxyl; halogen; C. alk 
enyl, C. alkynyl, or C. alkyl optionally Substi 
tuted with amino, hydroxy, or 1 to 3 fluorine atoms, 
C-o alkoxy, optionally Substituted with C. 
alkoxy, C. thioalkoxy or 1 to 3 fluorine atoms, C. 
alkenyloxy; C alkylthio; Cls alkylcarbonyloxy, 
aryloxycarbonyl, azido; amino, C alkylamino; 
di(C. alkyl)amino; or Y"; provide that Y2 is not 
hydrogen when Y1 is fluoro or hydroxyl; 

0195 one of Y3 or Y4is a linkage to a further of said 
nucleoside units of Said compound and the other of 
Y3 or Y4 is hydrogen; hydroxyl; halogen; C. 
alkenyl, C. alkynyl, or C. alkyl optionally Sub 
stituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Coalkoxy, optionally Substituted with C. 
alkoxy, C. thioalkoxy or 1 to 3 fluorine atoms, C. 
alkenyloxy, C alkylthio; Cls alkylcarbonyloxy; 
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aryloxycarbonyl, azido; amino, C. alkylamino; 
di(C. alkyl)amino; or Y"; 

0196) Y is H, C, alkyl, Calkenyl, C-alkynyl, 
C. alkylamino, CF, and halogen; 

0197) Y is H, OH, SH, NH, C, alkylamino, 
di(C, alkyl)amino, C. cycloalkylamino, halogen, 
C, alkyl, C. alkoxy, or CF; 

0198 Y7 is hydrogen, amino, Calkylamino, C. 
cycloalkylamino, or di(C. alkyl)amino; 

0199 Y is H, halogen, CN, carboxy, Calkyloxy 
carbonyl, N, amino, Calkylamino, di(C. alky 
l)amino, hydroxy, Ce alkoxy, Ce alkylthio, C. 
alkylsulfonyl, or (C. alkyl)o aminomethyl; 

0200 Y is O-Y9, hydroxy, or O-P(=W)OH, 
or a linkage to a further of Said nucleoside units of 
Said compound; 

0201 Y' is a conjugate molecule or a reporter 
molecule, 

0202) each Y''' is independently H or C, alkyl; 
0203 Y''' and Y are each independently hydrogen; 
C2 alkenyl, C2-alkynyl, or C- alkyl optionally 
substituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Coalkoxy, optionally Substituted with C. 
alkoxy, C. thioalkoxy or 1 to 3 fluorine atoms, C. 
alkenyloxy; C alkylthio; or Y' and Y° together 
with the carbonatom to which they are attached form 
a 3- to 6-membered Saturated monocyclic ring Sys 
tem optionally containing a heteroatom Selected 
from O, S, and NC alkyl; and 

0204 Y''' is H, CF, C, alkyl, amino, C, alky 
lamino, Ce cycloalkylamino, or di(C. alky 
l)amino. 

0205 Further particularly preferred compounds of the 
invention include oligonucleotides and oligonucleosides 
wherein at least one of the nucleoside units is a nucleoside 
of the structure: 

s - o, 'N 

0206 where 
0207 E is N or CY: 
0208 L is N or CY; 
0209 W is O or S; 
0210 Y is hydroxyl; halogen; C. alkenyl, C. 
alkynyl, or C alkyl optionally Substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms, Co 
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alkoxy, optionally Substituted with C alkoxy, C. 
thioalkoxy or 1 to 3 fluorine atoms, Calkenyloxy, 
C. alkylthio; Cls alkylcarbonyloxy, aryloxycarbo 
nyl; azido; amino; C alkylamino; di(C. alky 
l)amino; or Y'; 

0211 Y is hydrogen, hydroxyl; halogen; C. alk 
enyl, C. alkynyl, or C. alkyl optionally Substi 
tuted with amino, hydroxy, or 1 to 3 fluorine atoms, 
Coalkoxy, optionally Substituted with Calkoxy, 
C. thioalkoxy or 1 to 3 fluorine atoms, Ce alk 
enyloxy; C alkylthio; Cls alkylcarbonyloxy, ary 
loxycarbonyl; azido; amino; Ca alkylamino; di(C, 
alkyl)amino; or Y'; provide that Y2 is not hydrogen 
when Y1 is fluoro or hydroxyl; 

0212 one of Y3 or Y4is a linkage to a further of said 
nucleoside units of Said compound and the other of 
Y3 or Y4 is hydrogen; hydroxyl; halogen; C. 
alkenyl, C. alkynyl, or C. alkyl optionally Sub 
stituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Co alkoxy, optionally Substituted with C. 
alkoxy, C. thioalkoxy or 1 to 3 fluorine atoms, C. 
alkenyloxy, C alkylthio; Cls alkylcarbonyloxy; 
aryloxycarbonyl, azido; amino, C alkylamino; 
di(C, alkyl)amino; or Y'; 

0213 Y is H, C, alkyl, Calkenyl, Cs alkynyl, 
C. alkylamino, CF, and halogen; 

0214) Y is H, OH, SH, NH, C, alkylamino, 
di(C, alkyl)amino, Cas cycloalkylamino, halogen, 
C, alkyl, C. alkoxy, or CF3; 1. 

0215 Y is hydrogen, amino, C. alkylamino, Cas 
cycloalkylamino, or di(C. alkyl)amino; 

0216) Y is H, halogen, CN, carboxy, Calkyloxy 
carbonyl, N, amino, C alkylamino, di(C. alky 
l)amino, hydroxy, C. alkoxy, C-6 alkylthio, C16 
alkylsulfonyl, or (C. alkyl)aminomethyl; 

0217. Y is O-Y', hydroxy, or O-P(=W)OH, 
or a linkage to a further of Said nucleoside units of 
Said compound; 

0218 Y''' is a conjugate molecule or a reporter 
molecule, 

0219) each Y''' is independently H or C. alkyl; 
0220 Y''' and Y are each independently hydrogen; 
Calkenyl, C. alkynyl, or C. alkyl optionally 
substituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Coalkoxy, optionally Substituted with C. 
alkoxy, C. thioalkoxy or 1 to 3 fluorine atoms, C. 
alkenyloxy; C, alkylthio; or Y' and Y together 
with the carbon atom to which they are attached form 
a 3- to 6-membered Saturated monocyclic ring Sys 
tem optionally containing a heteroatom Selected 
from O, S, and NC alkyl; and 

0221) Y''' is H, CF, C alkyl, amino, C alky 
lamino, Ce cycloalkylamino, or di(C. alky 
l)amino. 

0222 Even further particularly preferred compounds of 
the invention include oligonucleotides and oligonucleosides 
wherein at least one of the nucleoside units is a nucleoside 
of the structure: 
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0223) where 
0224 W is O or S; 
0225 Y is hydroxyl; halogen; C. alkenyl, C. 
alkynyl, or C alkyl optionally Substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms, Co 
alkoxy, optionally Substituted with C alkoxy, C. 
thioalkoxy or 1 to 3 fluorine atoms, Calkenyloxy, 
C. alkylthio; Cls alkylcarbonyloxy, aryloxycarbo 
nyl; azido; amino; C alkylamino; di(C. alky 
l)amino; or Y'; 

0226) Y° is hydrogen, hydroxyl; halogen; C. alk 
enyl, C. alkynyl, or C. alkyl optionally Substi 
tuted with amino, hydroxy, or 1 to 3 fluorine atoms, 
Coalkoxy, optionally Substituted with Calkoxy, 
C. thioalkoxy or 1 to 3 fluorine atoms; C alk 
enyloxy, C. alkylthio; Cls alkylcarbonyloxy, ary 
loxycarbonyl; azido; amino; Ca alkylamino; di(C, 
alkyl)amino; or Y'; provide that Y2 is not hydrogen 
when Y1 is fluoro or hydroxyl; 

0227 one of Y3 or Y4is a linkage to a further of said 
nucleoside units of Said compound and the other of 
Y3 or Y4 is hydrogen; hydroxyl; halogen; C. 
alkenyl, C. alkynyl, or C. alkyl optionally Sub 
stituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Co alkoxy, optionally Substituted with C. 
alkoxy, C. thioalkoxy or 1 to 3 fluorine atoms, C. 
alkenyloxy; C alkylthio; Cls alkylcarbonyloxy; 
aryloxycarbonyl, azido; amino, C. alkylamino; 
di(C, alkyl)amino; or Y"; 

0228) Y is H, C, alkyl, Calkenyl, C-alkynyl, 
C. alkylamino, CF, and halogen; 

0229) Y is H, OH, SH, NH, C, alkylamino, 
di(C, alkyl)amino, Css cycloalkylamino, halogen, 
C, alkyl, C. alkoxy, or CF; 1. 

0230 Y is hydrogen, amino, C. alkylamino, Cas 
cycloalkylamino, or di(C. alkyl)amino; 

0231) Y is H, halogen, CN, carboxy, C, alkyloxy 
carbonyl, N, amino, Calkylamino, di(C. alky 
l)amino, hydroxy, Co alkoxy, C-6 alkylthio, C16 
alkylsulfonyl, or (C. alkyl)o aminomethyl; 

0232 Y is O-Y9, hydroxy, or O-P(=W)OH, 
or a linkage to a further of Said nucleoside units of 
Said compound; 

0233 Y' is a conjugate molecule or a reporter 
molecule, 

  



US 2004/OO14957 A1 

0234 
0235 Y''' and Y are each independently hydrogen; 
C2-alkenyl, C2-alkynyl, or C- alkyl optionally 
substituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Coalkoxy, optionally Substituted with C. 
alkoxy, C, thioalkoxy or 1 to 3 fluorine atoms; C. 
alkenyloxy; C, alkylthio; or Y' and Y together 
with the carbon atom to which they are attached form 
a 3- to 6-membered Saturated monocyclic ring Sys 
tem optionally containing a heteroatom Selected 
from O, S, and NC alkyl; and 

0236) Y''' is H, CF, C, alkyl, amino, C, alky 
lamino, C. cycloalkylamino, or di(C. alky 
l)amino. 

each Y''' is independently H or C, alkyl; 

0237 Further particularly preferred compounds of the 
invention include oligonucleotides and oligonucleosides 
wherein at least one of the nucleoside units is a nucleoside 
of the structure: 

0238 where 
0239 W is O or S; 
0240 Y is hydroxyl; halogen; C. alkenyl, C. 
alkynyl, or C alkyl optionally Substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms, C 
alkoxy, optionally Substituted with C alkoxy, C. 
thioalkoxy or 1 to 3 fluorine atoms, Calkenyloxy, 
Calkylthio; Cls alkylcarbonyloxy, aryloxycarbo 
nyl; azido; amino; C alkylamino; di(C. alky 
l)amino; or Y'; 

0241) Y° is hydrogen, hydroxyl; halogen; C. alk 
enyl, C. alkynyl, or C. alkyl optionally Substi 
tuted with amino, hydroxy, or 1 to 3 fluorine atoms, 
Coalkoxy, optionally Substituted with Calkoxy, 
C. thioalkoxy or 1 to 3 fluorine atoms, C. alk 
enyloxy, C alkylthio; Cls alkylcarbonyloxy, ary 
loxycarbonyl; azido; amino; Ca alkylamino; di(C, 
alkyl)amino; or Y'; provide that Y2 is not hydrogen 
when Y1 is fluoro or hydroxyl; 

0242 one of Y3 or Y4is a linkage to a further of said 
nucleoside units of Said compound and the other of 
Y3 or Y4 is hydrogen; hydroxyl; halogen; C. 
alkenyl, C. alkynyl, or C. alkyl optionally Sub 
stituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Coalkoxy, optionally Substituted with C. 
alkoxy, C. thioalkoxy or 1 to 3 fluorine atoms, C. 
alkenyloxy, C alkylthio; Cls alkylcarbonyloxy; 
aryloxycarbonyl, azido; amino, C alkylamino; 
di(C. alkyl)amino; or Y'; 
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0243 Ys is H, C alkyl, Calkenyl, Ce alkynyl, 
C. alkylamino, CF, and halogen; 

0244 Y is H, OH, SH, NH, C, alkylamino, 
di(C, alkyl)amino, Cas cycloalkylamino, halogen, 
C, alkyl, C. alkoxy, or CF; 

0245) Y is hydrogen, amino, C, alkylamino, C. 
cycloalkylamino, or di(C. alkyl)amino; 

0246 Y is H, halogen, CN, carboxy, Calkyloxy 
carbonyl, N, amino, Calkylamino, di(C. alky 
l)amino, hydroxy, Ce alkoxy, Ce alkylthio, C. 
alkylsulfonyl, or (C. alkyl)o aminomethyl; 

0247 Y is O-Y9, hydroxy, or O-P(=W)OH, 
or a linkage to a further of Said nucleoside units of 
Said compound; 

0248 Y' is a conjugate molecule or a reporter 
molecule, 

0249) 
0250 Y''' and Y are each independently hydrogen; 
C2 alkenyl, C2-alkynyl, or C- alkyl optionally 
substituted with amino, hydroxy, or 1 to 3 fluorine 
atoms; Co alkoxy, optionally Substituted with C. 
alkoxy, C. thioalkoxy or 1 to 3 fluorine atoms, C. 
alkenyloxy; C alkylthio; or Y' and Y° together 
with the carbon atom to which they are attached form 
a 3- to 6-membered Saturated monocyclic ring Sys 
tem optionally containing a heteroatom Selected 
from O, S, and NC alkyl; and 

0251 Y''' is H, CF, C alkyl, amino, C alky 
lamino, Ce cycloalkylamino, or di(C. alky 
l)amino. 

each Y''' is independently H or C, alkyl; 

0252) The alkyl groups specified above are intended to 
include those alkyl groups of the designated length in either 
a Straight or branched configuration. Exemplary of Such 
alkyl groups are methyl, ethyl, propyl, isopropyl, butyl, 
Sec-butyl, tertiary butyl, pentyl, isopentyl, hexyl, isohexyl, 
and the like. 

0253) The term “alkenyl' shall mean straight or branched 
chain alkenes of two to Six total carbon atoms, or any 
number within this range (e.g., ethenyl, propenyl, butenyl, 
pentenyl, etc.). 
0254 The term “alkynyl' shall mean straight or branched 
chain alkynes of two to Six total carbon atoms, or any 
number within this range (e.g., ethynyl, propynyl, butynyl, 
pentynyl, etc.). 
0255 The term “cycloalkyl” shall mean cyclic rings of 
alkanes of three to eight total carbon atoms, or any number 
within this range (i.e., cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cycloheptyl, or cyclooctyl). 
0256 The term “cycloheteroalkyl” is intended to include 
non-aromatic heterocycles containing one or two heteroat 
oms Selected from nitrogen, oxygen and Sulfur. Examples of 
4-6-membered cycloheteroalkyl include azetidinyl, pyrro 
lidinyl, piperidinyl, morpholinyl, thiamorpholinyl, imidazo 
lidinyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahy 
drothiophenyl, piperazinyl, and the like. 
0257 The term “alkoxy' refers to straight or branched 
chain alkoxides of the number of carbon atoms Specified 
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(e.g., C alkoxy), or any number within this range i.e., 
methoxy (MeO-), ethoxy, isopropoxy, etc.). 
0258. The term “alkylthio” refers to straight or branched 
chain alkylsulfides of the number of carbon atoms specified 
(e.g., C alkylthio), or any number within this range i.e., 
methylthio (MeS-), ethylthio, isopropylthio, etc.). 
0259. The term “alkylamino” refers to straight or 
branched alkylamines of the number of carbon atoms Speci 
fied (e.g., C alkylamino), or any number within this range 
i.e., methylamino, ethylamino, isopropylamino, t-buty 
lamino, etc.). 
0260 The term “alkylsulfonyl refers to straight or 
branched chain alkylsulfones of the number of carbon atoms 
Specified (e.g., C alkylsulfonyl), or any number within 
this range i.e., methylsulfonyl (MeSO2- ), ethylsulfonyl, 
isopropylsulfonyl, etc.). 
0261) The term “alkyloxycarbonyl refers to straight or 
branched chain esters of a carboxylic acid derivative of the 
present invention of the number of carbon atoms Specified 
(e.g., C alkyloxycarbonyl), or any number within this 
range i.e., methyloxycarbonyl (MeOCO-), ethyloxycar 
bonyl, or butyloxycarbonyl). 
0262 The term “aryl' includes phenyl, naphthyl, and 
pyridyl. The aryl group is optionally Substituted with one to 
three groups independently Selected from C alkyl, halo 
gen, cyano, nitro, trifluoromethyl, C- alkoxy, and C 
alkylthio. 

0263. The term “halogen is intended to include the 
halogen atoms fluorine, chlorine, bromine and iodine. 
0264. The term “substituted” shall be deemed to include 
multiple degrees of Substitution by a named Substituent. 
Where multiple substituent moieties are disclosed or 
claimed, the Substituted compound can be independently 
substituted by one or more of the disclosed or claimed 
Substituent moieties, Singly or plurally. 
0265. The term “composition', as in “pharmaceutical 
composition,” is intended to encompass a product compris 
ing the active ingredient(s) and the inert ingredient(s) that 
make up the carrier, as well as any product which results, 
directly or indirectly, from combination, complexation or 
aggregation of any two or more of the ingredients, or from 
dissociation of one or more of the ingredients, or from other 
types of reactions or interactions of one or more of the 
ingredients. Accordingly, the pharmaceutical compositions 
of the present invention encompass any composition made 
by admixing a compound of the present invention and a 
pharmaceutically acceptable carrier. 
0266 The terms “administration of and “administering 
a compound should be understood to mean providing a 
compound of the invention or a prodrug of a compound of 
the invention to the individual in need. 

0267 The terms antisense oligonucleotides is understood 
to mean an oligonucleotide for use in modulating the func 
tion of a nucleic acid molecule encoding a gene. This is 
accomplished by providing antisense compounds, which 
Specifically hybridize with one or more nucleic acids encod 
ing the gene. 

0268 AS used herein, the terms “target nucleic acid” and 
"nucleic acid encoding a gene encompass DNA encoding the 
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gene, RNA (including pre-mRNA and mRNA) transcribed 
from Such DNA, and also cDNA derived from Such RNA. 
The Specific hybridization of an oligomeric compound with 
its target nucleic acid interferes with the normal function of 
the nucleic acid. This modulation of function of a target 
nucleic acid by compounds, which Specifically hybridize to 
it, is generally referred to as “antisense'. The functions of 
DNA to be interfered with include replication and transcrip 
tion. The functions of RNA to be interfered with include all 
Vital functions Such as, for example, translocation of the 
RNA to the site of protein translation, translocation of the 
RNA to sites within the cell which are distant from the site 
of RNA synthesis, translation of protein from the RNA, 
splicing of the RNA to yield one or more mRNA species, and 
catalytic activity which may be engaged in or facilitated by 
the RNA. The overall effect of Such interference with target 
nucleic acid function is modulation of the expression of that 
gene. 

0269. In the context of the present invention, “modula 
tion” means either an increase (Stimulation) or a decrease 
(inhibition) in the expression of a gene. In the context of the 
present invention, inhibition is the preferred form of modu 
lation of gene expression and mRNA is a preferred target. 
0270. It is preferred to target specific nucleic acids for 
antisense. “Targeting an antisense compound to a particular 
nucleic acid, in the context of this invention, is a multistep 
process. The process usually begins with the identification of 
a nucleic acid Sequence whose function is to be modulated. 
This may be, for example, a cellular gene (or mRNA 
transcribed from the gene) whose expression is associated 
with a particular disorder or disease State, or a nucleic acid 
molecule from an infectious agent. In the present invention, 
the target is a nucleic acid molecule encoding the gene. The 
targeting process also includes determination of a Site or 
Sites within this gene for the antisense interaction to occur 
Such that the desired effect, e.g., detection or modulation of 
expression of the protein, will result. Within the context of 
the present invention, a preferred intragenic Site is the region 
encompassing the translation initiation or termination codon 
of the open reading frame (ORF) of the gene. Since, as is 
known in the art, the translation initiation codon is typically 
5'-AUG (in transcribed mRNA molecules; 5'-ATG in the 
corresponding DNA molecule), the translation initiation 
codon is also referred to as the “AUG codon,” the “start 
codon” or the “AUG start codon’. A minority of genes have 
a translation initiation codon having the RNA sequence 
5'-GUG, 5'-LUG or 5'-CUG, and 5'-AUA, 5'-ACG and 
5'-CUG have been shown to function in vivo. Thus, the 
terms “translation initiation codon” and “start codon” can 
encompass many codon Sequences, even though the initiator 
amino acid in each instance is typically methionine (in 
eukaryotes) or formylmethionine (in prokaryotes). It is also 
known in the art that eukaryotic and prokaryotic genes may 
have two or more alternative Start codons, any one of which 
may be preferentially utilized for translation initiation in a 
particular cell type or tissue, or under a particular set of 
conditions. In the context of the invention, “start codon” and 
“translation initiation codon” refer to the codon or codons 
that are used in vivo to initiate translation of an mRNA 
molecule transcribed from the gene regardless of the 
Sequence(s) of Such codons. 
0271. It is also known in the art that a translation termi 
nation codon (or "stop codon”) of a gene may have one of 
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three sequences, i.e., 5'-UAA, 5'-UAG and 5'-UGA (the 
corresponding DNA sequences are 5'-TAA, 5'-TAG and 
5'-TGA, respectively). The terms “start codon region” and 
“translation initiation codon region” refer to a portion of 
Such an mRNA or gene that encompasses from about 25 to 
about 50 contiguous nucleotides in either direction (i.e., 5' or 
3") from a translation initiation codon. Similarly, the terms 
“Stop codon region' and "translation termination codon 
region” refer to a portion of Such an mRNA or gene that 
encompasses from about 25 to about 50 contiguous nucle 
otides in either direction (i.e., 5' or 3') from a translation 
termination codon. 

0272. The open reading frame (ORF) or “coding region,” 
which is known in the art to refer to the region between the 
translation initiation codon and the translation termination 
codon, is also a region which may be targeted effectively. 
Other target regions include the 5' untranslated region 
(5'UTR), known in the art to refer to the portion of an mRNA 
in the 5' direction from the translation initiation codon, and 
thus including nucleotides between the 5' cap Site and the 
translation initiation codon of an mRNA or corresponding 
nucleotides on the gene, and the 3' untranslated region 
(3'UTR), known in the art to refer to the portion of an mRNA 
in the 3' direction from the translation termination codon, 
and thus including nucleotides between the translation ter 
mination codon and 3' end of an mRNA or corresponding 
nucleotides on the gene. The 5' cap of an mRNA comprises 
an N7-methylated guanosine residue joined to the 5'-most 
residue of the mRNA via a 5'-5' triphosphate linkage. The 5' 
cap region of an mRNA is considered to include the 5' cap 
structure itself as well as the first 50 nucleotides adjacent to 
the cap. The 5' cap region may also be a preferred target 
region. 

0273 Although some eukaryotic mRNA transcripts are 
directly translated, many contain one or more regions, 
known as “introns,” which are excised from a transcript 
before it is translated. The remaining (and therefore trans 
lated) regions are known as “exons' and are spliced together 
to form a continuous mRNA sequence. mRNA splice Sites, 
i.e., intron-exon junctions, may also be preferred target 
regions, and are particularly useful in Situations where 
aberrant Splicing is implicated in disease, or where an 
overproduction of a particular mRNA Splice product is 
implicated in disease. Aberrant fusion junctions due to 
rearrangements or deletions are also preferred targets. 
mRNA transcripts produced via the process of Splicing of 
two (or more) mRNAs from different gene sources are 
known as “fusion transcripts”. It has also been found that 
introns can be effective, and therefore preferred, target 
regions for antisense compounds targeted, for example, to 
DNA or pre-mRNA. 

0274. It is also known in the art that alternative RNA 
transcripts can be produced from the Same genomic region 
of DNA. These alternative transcripts are generally known 
as “variants”. More specifically, “pre-mRNA variants” are 
transcripts produced from the same genomic DNA that differ 
from other transcripts produced from the same genomic 
DNA in either their start or stop position and contain both 
intronic and extronic regions. 

0275 Upon excision of one or more exon or intron 
regions or portions thereof during Splicing, pre-mRNA vari 
ants produce Smaller “mRNA variants”. Consequently, 
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mRNA variants are processed pre-mRNA variants and each 
unique pre-mRNA variant must always produce a unique 
mRNA variant as a result of splicing. These mRNA variants 
are also known as “alternative Splice variants'. If no splicing 
of the pre-mRNA variant occurs then the pre-mRNA variant 
is identical to the mRNA variant. 

0276. It is also known in the art that variants can be 
produced through the use of alternative Signals to Start or 
stop transcription and that pre-mRNAS and mRNAS can 
possess more that one Start codon or Stop codon. Variants 
that originate from a pre-mRNA or mRNA that use alterna 
tive Start codons are known as "alternative start variants' of 
that pre-mRNA or mRNA. Those transcripts that use an 
alternative Stop codon are known as "alternative Stop vari 
ants” of that pre-mRNA or mRNA. One specific type of 
alternative stop variant is the “polyA variant” in which the 
multiple transcripts produced result from the alternative 
Selection of one of the “polyA stop signals' by the tran 
Scription machinery, thereby producing transcripts that ter 
minate at unique polyA sites. 

0277 Once one or more target sites have been identified, 
oligonucleotides are chosen which are Sufficiently comple 
mentary to the target, i.e., hybridize Sufficiently well and 
with Sufficient specificity, to give the desired effect. 

0278. In the context of this invention, “hybridization” 
means hydrogen bonding, which may be Watson-Crick, 
Hoogsteen or reversed Hoogsteen hydrogen bonding, 
between complementary nucleoside or nucleotide bases. For 
example, adenine and thymine are complementary nucleo 
bases, which pair through the formation of hydrogen bonds. 
“Complementary,” as used herein, refers to the capacity for 
precise pairing between two nucleotides. For example, if a 
nucleotide at a certain position of an oligonucleotide is 
capable of hydrogen bonding with a nucleotide at the same 
position of a DNA or RNA molecule, then the oligonucle 
otide and the DNA or RNA are considered to be comple 
mentary to each other at that position. The oligonucleotide 
and the DNA or RNA are complementary to each other when 
a Sufficient number of corresponding positions in each 
molecule are occupied by nucleotides which can hydrogen 
bond with each other. Thus, “specifically hybridizable” and 
“complementary are terms which are used to indicate a 
Sufficient degree of complementarity or precise pairing Such 
that Stable and Specific binding occurs between the oligo 
nucleotide and the DNA or RNA target. It is understood in 
the art that the Sequence of an antisense compound need not 
be 100% complementary to that of its target nucleic acid to 
be specifically hybridizable. 

0279 An antisense compound is specifically hybridizable 
when binding of the compound to the target DNA or RNA 
molecule interferes with the normal function of the target 
DNA or RNA to cause a loss of activity, and there is a 
Sufficient degree of complementarity to avoid non-specific 
binding of the antisense compound to non-target Sequences 
under conditions in which specific binding is desired, i.e., 
under physiological conditions in the case of in Vivo assays 
or therapeutic treatment, and in the case of in vitro assays, 
under conditions in which the assays are performed. It is 
preferred that the antisense compounds of the present inven 
tion comprise at least 80% sequence complementarity with 
the target nucleic acid, more that they comprise 90% 
Sequence complementarity and even more comprise 95% 



US 2004/OO14957 A1 

Sequence complementarity with the target nucleic acid 
Sequence to which they are targeted. Percent complementa 
rity of an antisense compound with a target nucleic acid can 
be determined routinely using basic local alignment Search 
tools (BLAST programs) (Altschulet al., J. Mol. Biol., 1990, 
215, 403-410; Zhang and Madden, Genome Res., 1997, 7, 
649-656). 
0280 Antisense and other compounds of the invention, 
which hybridize to the target and inhibit expression of the 
target, are identified through experimentation. The Sites to 
which these antisense compounds are specifically hybridiz 
able are herein below referred to as “preferred target 
regions' and are therefore preferred sites for targeting. AS 
used herein the term "preferred target region' is defined as 
at least an 8-nucleobase portion of a target region to which 
an active antisense compound is targeted. While not wishing 
to be bound by theory, it is presently believed that these 
target regions represent regions of the target nucleic acid, 
which are accessible for hybridization. 
0281 Target regions 8-80 nucleobases in length compris 
ing a stretch of at least eight (8) consecutive nucleobases 
Selected from within the illustrative preferred target regions 
are considered to be Suitable preferred target regions as well. 
0282) Exemplary good preferred target regions include 
DNA or RNA sequences that comprise at least the 8 con 
secutive nucleobases from the 5'-terminus of one of the 
illustrative preferred target regions (the remaining nucleo 
bases being a consecutive stretch of the same DNA or RNA 
beginning immediately upstream of the 5'-terminus of the 
target region and continuing until the DNA or RNA contains 
about 8 to about 80 nucleobases). Similarly good preferred 
target regions are represented by DNA or RNA sequences 
that comprise at least the 8 consecutive nucleobases from the 
3'-terminus of one of the illustrative preferred target regions 
(the remaining nucleobases being a consecutive stretch of 
the same DNA or RNA beginning immediately downstream 
of the 3'-terminus of the target region and continuing until 
the DNA or RNA contains about 8 to about 80 nucleobases). 
One having skill in the art, once armed with the empirically 
derived preferred target regions illustrated herein will be 
able, without undue experimentation, to identify further 
preferred target regions. In addition, one having ordinary 
skill in the art will also be able to identify additional 
compounds, including oligonucleotide probes and primers 
that Specifically hybridize to these preferred target regions 
using techniques available to the ordinary practitioner in the 
art. 

0283 The oligonucleotides of invention therefore will be 
of a size of 8 to 80 nucleotides long. A further preferred 
range of oligonucleotide size is from 12 to 50 nucleotides 
long. An additional preferred range of oligonucleotide size 
is from 15 to 30 nucleotides in length. 
0284 Oligonucleotides are commonly used as research 
reagents and diagnostics. For example antisense oligonucle 
otides, which are able to inhibit gene expression with 
exquisite Specificity, are often used by those of ordinary skill 
to elucidate the function of particular genes. Oligonucle 
otides are also used, for example, to distinguish between 
functions of various members of a biological pathway. 
AntiSense modulation has, therefore, been harnessed for 
research use. 

0285 For use in kits and diagnostics, the oligonucleotide 
compounds of the present invention, either alone or in 
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combination with other compounds or therapeutics, can be 
used as tools in differential and/or combinatorial analyses to 
elucidate expression patterns of a portion or the entire 
complement of genes expressed within cells and tissues. 
0286 Expression patterns within cells or tissues treated 
with one or more oligonucleotide compounds are compared 
to control cells or tissues not treated with oligonucleotide 
compounds and the patterns produced are analyzed for 
differential levels of gene expression as they pertain, for 
example, to disease association, Signaling pathway, cellular 
localization, expression level, size, Structure or function of 
the genes examined. These analyses can be performed on 
Stimulated or unstimulated cells and in the presence or 
absence of other compounds that affect expression patterns. 
0287 Examples of methods of gene expression analysis 
known in the art include DNA arrays or microarrays 
(Brazma and Vilo, FEBS Lett., 2000, 480, 17-24; Celis, et 
al., FEBS Lett., 2000, 480, 2-16), SAGE (serial analysis of 
gene expression)(Madden, et al., Drug Discov. Today, 2000, 
5, 415-425), READS (restriction enzyme amplification of 
digested cDNAs) (Prashar and Weissman, Methods Enzy 
mol., 1999, 303, 258-72), TOGA (total gene expression 
analysis) (Sutcliffe, et al., Proc. Natl. Acad. Sci. U. S. A., 
2000, 97, 1976-81), protein arrays and proteomics (Celis, et 
al., FEBS Lett., 2000, 480, 2-16; Jungblut, et al., Electro 
phoresis, 1999, 20, 2100-10), expressed sequence tag (EST) 
sequencing (Celis, et al., FEBS Lett., 2000, 480, 2-16; 
Larsson, et al., J. Biotechnol., 2000, 80, 143-57), Subtractive 
RNA fingerprinting (SuRF) (Fuchs, et al., Anal. Biochem., 
2000, 286, 91-98; Larson, et al., Cytometry, 2000, 41, 
203-208), subtractive cloning, differential display (DD) 
(Jurecic and Belmont, Curr. Opin. Microbiol., 2000, 3, 
3.16-21), comparative genomic hybridization (Carulli, et al., 
J. Cell Biochem. Suppl., 1998, 31, 286-96), FISH (fluores 
cent in situ hybridization) techniques (Going and Gusterson, 
Eur: J. Cancer, 1999, 35, 1895-904) and mass spectrometry 
methods (reviewed in To, Comb. Chem. High Throughput 
Screen, 2000, 3, 235-41). 
0288 The specificity and sensitivity of oligonucleotides 
is also harnessed by those of skill in the art for therapeutic 
uses. AntiSense oligonucleotides have been employed as 
therapeutic moieties in the treatment of disease States in 
animals and man. AntiSense oligonucleotide drugs, includ 
ing ribozymes, have been safely and effectively adminis 
tered to humans and numerous clinical trials are presently 
underway. It is thus established that oligonucleotides can be 
useful therapeutic modalities that can be configured to be 
useful in treatment regimes for treatment of cells, tissues and 
animals, especially humans. 
0289. In the context of this invention, the term “oligo 
nucleotide' refers to an oligomer or polymer of ribonucleic 
acid (RNA) or deoxyribonucleic acid (DNA) or mimetics 
thereof. This term includes oligonucleotides composed of 
naturally-occurring nucleobases, Sugars and covalent inter 
nucleoside (backbone) linkages as well as oligonucleotides 
having non-naturally-occurring portions which function 
Similarly. Such modified or Substituted oligonucleotides are 
often preferred over native forms because of desirable 
properties Such as, for example, enhanced cellular uptake, 
enhanced affinity for nucleic acid target and increased Sta 
bility in the presence of nucleases. 
0290 While antisense oligonucleotides are a preferred 
form of oligonucleotide compounds, the present invention 
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comprehends other oligomeric antisense compounds, 
including but not limited to oligonucleotide mimetics Such 
as are described below. The antisense compounds in accor 
dance with this invention preferably comprise from about 8 
to about 80 nucleobases (i.e. from about 8 to about 80 linked 
nucleosides). Particularly preferred antisense compounds 
are antisense oligonucleotides from about 12 to about 50 
nucleobases, even more preferably those comprising from 
about 15 to about 30 nucleobases. Antisense compounds 
include ribozymes, external guide Sequence (EGS) oligo 
nucleotides (oligozymes), and other short catalytic RNAS or 
catalytic oligonucleotides, which hybridize to the target 
nucleic acid and modulate its expression. 
0291 Antisense compounds 8-80 nucleobases in length 
comprising a stretch of at least eight (8) consecutive nucleo 
bases Selected from within the illustrative antisense com 
pounds are considered to be Suitable antisense compounds as 
well. 

0292 Exemplary preferred antisense compounds include 
DNA or RNA sequences that comprise at least the 8 con 
secutive nucleobases from the 5'-terminus of one of the 
illustrative preferred antisense compounds (the remaining 
nucleobases being a consecutive Stretch of the same DNA or 
RNA beginning immediately upstream of the 5'-terminus of 
the antisense compound which is specifically hybridizable to 
the target nucleic acid and continuing until the DNA or RNA 
contains about 8 to about 80 nucleobases). Similarly pre 
ferred antisense compounds are represented by DNA or 
RNA sequences that comprise at least the 8 consecutive 
nucleobases from the 3'-terminus of one of the illustrative 
preferred antisense compounds (the remaining nucleobases 
being a consecutive stretch of the same DNA or RNA 
beginning immediately downstream of the 3'-terminus of the 
antisense compound which is Specifically hybridizable to the 
target nucleic acid and continuing until the DNA or RNA 
contains about 8 to about 80 nucleobases). Antisense and 
other compounds of the invention, which hybridize to the 
target and inhibit expression of the target, are identified 
through experimentation. One having skill in the art, once 
armed with the this disclosure will be able, without undue 
experimentation, to identify preferred antisense compounds. 
0293. In many species, introduction of double-stranded 
RNA (dsRNA) induces potent and specific gene Silencing. 
This phenomenon occurs in both plants and animals and has 
roles in Viral defense and transposon Silencing mechanisms. 
This phenomenon was originally described more than a 
decade ago by researchers working with the petunia flower. 
While trying to deepen the purple color of these flowers, 
Jorgensen et al. introduced a pigment-producing gene under 
the control of a powerful promoter. Instead of the expected 
deep purple color, many of the flowers appeared variegated 
or even white. Jorgensen named the observed phenomenon 
“coSuppression', Since the expression of both the introduced 
gene and the homologous endogenous gene was Suppressed 
(Napoliet al., Plant Cell, 1990, 2, 279-289; Jorgensen et al., 
Plant Mol. Biol., 1996, 31,957-973). 
0294 Cosuppression has since been found to occur in 
many species of plants, fungi, and has been particularly well 
characterized in Neurospora crassa, where it is known as 
“quelling” (Cogoni and Macino, Genes Dev. 2000, 10, 
638-643; Guru, Nature, 2000,404, 804-808). 
0295) The first evidence that dsRNA could lead to gene 
Silencing in animals came from work in the nematode, 
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Caenorhabditis elegans. In 1995, researchers Guo and Kem 
phues were attempting to use antisense RNA to shut down 
expression of the par-1 gene in order to assess its function. 
AS expected, injection of the antisense RNA disrupted 
expression of par-1, but quizzically, injection of the Sense 
Strand control also disrupted expression (Guo and 
Kempheus, Cell, 1995, 81, 611-620). This result was a 
puzzle until Fire et al. injected dsRNA (a mixture of both 
Sense and antisense Strands) into C. elegans. This injection 
resulted in much more efficient Silencing than injection of 
either the Sense or the antisense Strands alone. Injection of 
just a few molecules of dsRNA per cell was sufficient to 
completely Silence the homologous gene's expression. Fur 
thermore, injection of dsRNA into the gut of the worm 
caused gene Silencing not only throughout the worm, but 
also in first generation offspring (Fire et al., Nature, 1998, 
391, 806-811). 
0296. The potency of this phenomenon led Timmons and 
Fire to explore the limits of the dsRNA effects by feeding 
nematodes bacteria that had been engineered to express 
dsRNA homologous to the C. elegans unc-22 gene. Surpris 
ingly, these worms developed an unc-22 null-like phenotype 
(Timmons and Fire, Nature 1998,395,854; Timmons et al., 
Gene, 2001, 263, 103-112). Further work showed that soak 
ing Worms in dsRNA was also able to induce Silencing 
(Tabara et al., Science, 1998, 282, 430-431). PCT publica 
tion WOO1/48183 discloses methods of inhibiting expres 
Sion of a target gene in a nematode worm involving feeding 
to the worm a food organism which is capable of producing 
a double-stranded RNA structure having a nucleotide 
Sequence Substantially identical to a portion of the target 
gene following ingestion of the food organism by the 
nematode, or by introducing a DNA capable of producing 
the double-stranded RNA structure (Bogaert et al., 2001) 
0297. The posttranscriptional gene silencing defined in 
Caenorhabditis elegans resulting from exposure to double 
stranded RNA (dsRNA) has since been designated as RNA 
interference (RNAi). This term has come to generalize all 
forms of gene Silencing involving dsRNA leading to the 
Sequence-specific reduction of endogenous targeted mRNA 
levels, unlike co-Suppression, in which transgenic DNA 
leads to Silencing of both the transgene and the endogenous 
gene. 

0298 Introduction of exogenous double-stranded RNA 
(dsRNA) into Caenorhabditis elegans has been shown to 
Specifically and potently disrupt the activity of genes con 
taining homologous Sequences. Montgomery et al. Suggests 
that the primary interference effects of dsRNA are post 
transcriptional; this conclusion being derived from exami 
nation of the primary DNA sequence after dsRNA-mediated 
interference a finding of no evidence of alterations followed 
by Studies involving alteration of an upstream operon having 
no effect on the activity of its downstream gene. These 
results argue against an effect on initiation or elongation of 
transcription. Finally they observed by in situ hybridization, 
that dsRNA-mediated interference produced a substantial, 
although not complete, reduction in accumulation of nascent 
transcripts in the nucleus, while cytoplasmic accumulation 
of transcripts was virtually eliminated. These results indicate 
that the endogenous mRNA is the primary target for inter 
ference and Suggest a mechanism that degrades the targeted 
mRNA before translation can occur. It was also found that 
this mechanism is not dependent on the SMG System, an 
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mRNA Surveillance system in C. elegans responsible for 
targeting and destroying aberrant messages. The authors 
further Suggest a model of how dsRNA might function as a 
catalytic mechanism to target homologous mRNAS for deg 
radation. (Montgomery et al., Proc. Natl. Acad. Sci. USA, 
1998, 95, 15502-15507). 
0299 Recently, the development of a cell-free system 
from syncytial blastoderm Drosophila embryos that reca 
pitulates many of the features of RNAi has been reported. 
The interference observed in this reaction is Sequence Spe 
cific, is promoted by dsRNA but not single-stranded RNA, 
functions by Specific mRNA degradation, and requires a 
minimum length of dsRNA. Furthermore, preincubation of 
dsRNA potentiates its activity demonstrating that RNAi can 
be mediated by Sequence-specific processes in Soluble reac 
tions (Tuschl et al., Genes Dev., 1999, 13, 3191-3197). 
0300. In subsequent experiments, Tuschl et al., using the 
Drosophila in vitro System, demonstrated that 21- and 22-nt 
RNA fragments are the Sequence-specific mediators of 
RNAi. These fragments, which they termed short interfering 
RNAs (siRNAs), were shown to be generated by an RNase 
III-like processing reaction from long dsRNA. They also 
showed that chemically synthesized siRNA duplexes with 
overhanging 3' ends mediate efficient target RNA cleavage 
in the Drosophila lysate, and that the cleavage Site is located 
near the center of the region Spanned by the guiding siRNA. 
In addition, they Suggest that the direction of dsRNA pro 
cessing determines whether Sense or antisense target RNA 
can be cleaved by the siRNA-protein complex (Elbashir et 
al., Genes Dev., 2001, 15, 188-200). Further characterization 
of the Suppression of expression of endogenous and heter 
ologous genes caused by the 21-23 nucleotide siRNAS have 
been investigated in Several mammalian cell lines, including 
human embryonic kidney (293) and HeLa cells (Elbashir et 
al., Nature, 2001, 411, 494-498). 
0301 The Drosophila embryo extract system has been 
exploited, using green fluorescent protein and luciferase 
tagged siRNAS, to demonstrate that SiRNAS can Serve as 
primers to transform the target mRNA into dsRNA. The 
nascent dsRNA is degraded to eliminate the incorporated 
target mRNA while generating new siRNAS in a cycle of 
dsRNA Synthesis and degradation. Evidence is also pre 
sented that mRNA-dependent siRNA incorporation to form 
dsRNA is carried out by an RNA-dependent RNA poly 
merase activity (RdRP) (Lipardi et al., Cell, 2001, 107, 
297-307). 
0302) The involvement of an RNA-directed RNA poly 
merase and SiRNA primerS as reported by Lipardi et al. 
(Lipardi et al., Cell, 2001, 107, 297-307) is one of the many 
intriguing features of gene Silencing by RNA interference; 
Suggesting an apparent catalytic nature to the phenomenon. 
New biochemical and genetic evidence reported by Nish 
ikura et al. also shows that an RNA-directed RNA poly 
merase chain reaction, primed by SiRNA, amplifies the 
interference caused by a small amount of “trigger” dsRNA 
(Nishikura, Cell, 2001, 107,415-418). 
0303 Investigating the role of “trigger RNA amplifica 
tion during RNA interference (RNAi) in Caenorhabditis 
elegans, Sijen etal revealed a substantial fraction of siRNAS 
that cannot derive directly from input dsRNA. Instead, a 
population of siRNAs (termed secondary siRNAs) appeared 
to derive from the action of the previously reported cellular 
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RNA-directed RNA polymerase (RdRP) on mRNAs that are 
being targeted by the RNAi mechanism. The distribution of 
secondary siRNAs exhibited a distinct polarity (5'-3', on the 
antisense Strand), Suggesting a cyclic amplification process 
in which RdRP is primed by existing siRNAS. This ampli 
fication mechanism Substantially augmented the potency of 
RNAi-based surveillance, while ensuring that the RNAi 
machinery will focus on expressed mRNAs (Sijen et al., 
Cell, 2001, 107, 465476). 
0304 Most recently, Tijsterman et al. have shown that, in 
fact, Single-Stranded RNA oligomers of antisense polarity 
can be potent inducers of gene Silencing. AS is the case for 
co-Suppression, they showed that antisense RNAS act inde 
pendently of the RNAi genes rde-1 and rde-4 but require the 
mutator/RNAi gene mut-7 and a putative DEAD box RNA 
helicase, mut-14. According to the authors, their data favor 
the hypothesis that gene Silencing is accomplished by RNA 
primer extension using the mRNA as template, leading to 
dsRNA that is Subsequently degraded Suggesting that Single 
stranded RNA oligomers are ultimately responsible for the 
RNAi phenomenon (Tijsterman et al., Science, 2002, 295, 
694-697). 
0305) A number of PCT applications have recently pub 
lished that related to the RNAi phenomenon. These include: 
PCT publication WO 00/44895; PCT publication WO 
00/49035; PCT publication WO 00/63364; PCT publication 
WO 01/36641; PCT publication WO 01/36646; PCT publi 
cation WO99/32619; PCT publication WO 00/44914; PCT 
publication WO 01/29058; and PCT publication WO 
O1/75164. 

0306 U.S. Pat Nos. 5,898,031 and 6,107,094, each of 
which is commonly owned with this application and each of 
which is herein incorporated by reference, describe certain 
oligonucleotide having RNA like properties. When hybrid 
ized with RNA, these olibonucleotides serve as Substrates 
for a dsRNase enzyme with resultant cleavage of the RNA 
by the enzyme. 

0307 Antisense technology is an effective means for 
modulating the levels of Specific gene products and may 
therefore prove to be uniquely useful in a number of 
therapeutic, diagnostic, and research applications involving 
gene Silencing. The present invention therefore further pro 
vides oligonucleotides useful for modulating gene Silencing 
pathways, including those involving antisense, RNA inter 
ference, dsRNA enzymes and non-antisense mechanisms. 
One having skill in the art, once armed with this disclosure 
will be able, without undue experimentation, to identify 
preferred oligonucleotide compounds for these uses. 

0308 AS is known in the art, a nucleoside is a base-sugar 
combination. The base portion of the nucleoside is normally 
a heterocyclic base. The two most common classes of Such 
heterocyclic bases are the purines and the pyrimidines. 
Nucleotides are nucleosides that further include a phosphate 
group covalently linked to the Sugar portion of the nucleo 
Side. For those nucleosides that include a pentofuranosyl 
Sugar, the phosphate group can be linked to either the 2',3' 
or 5’ hydroxyl moiety of the Sugar. In forming oligonucle 
otides, the phosphate groups covalently link adjacent 
nucleosides to one another to form a linear polymeric 
compound. In turn, the respective ends of this linear poly 
meric Structure can be further joined to form a circular 
Structure, however, open linear Structures are generally 
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preferred. In addition, linear Structures may also have inter 
nal nucleobase complementarity and may therefore fold in a 
manner as to produce a double stranded structure. Within the 
oligonucleotide Structure, the phosphate groups are com 
monly referred to as forming the internucleoside backbone 
of the oligonucleotide. The normal linkage or backbone of 
RNA and DNA is a 3' to 5" phosphodiester linkage. 
0309 Many of the modified nucleosides of the invention, 
by virtue of the substituent groups present on their 3' and 5' 
positions, e.g., 3' and 5’ OH groups, will be incorporate into 
oligonucleotide or oligonucleoside via 3' to 5" linkage. Other 
of the modified nucleoside of the invention, by virtue of the 
Substituent groups present on their 2 and 5' positions, e.g., 
2" and 5’ OH groups, will be incorporated in an oligonucle 
otide or oligonucleoside via a 2 to 5" linkage. 
0310 Specific examples of preferred antisense oligo 
nucleotides useful in this invention include oligonucleotides 
containing modified backbones or non-natural internucleo 
Side linkages. AS defined in this specification, oligonucle 
otides having modified backbones include those that retain 
a phosphorus atom in the backbone and those that do not 
have a phosphorus atom in the backbone. For the purposes 
of this specification, and as Sometimes referenced in the art, 
modified oligonucleotides that do not have a phosphorus 
atom in their internucleoside backbone can also be consid 
ered to be oligonucleosides. 
0311 Preferred modified oligonucleotide backbones 
include, for example, phosphorothioates, chiral phospho 
rothioates, phosphorodithioates, phosphotriesters, ami 
noalkylphosphotriesters, methyl and other alkyl phospho 
nates including 3'-alkylene phosphonates, 5'-alkylene 
phosphonates and chiral phosphonates, phosphinates, phoS 
phoramidates including 3'-amino phosphoramidate and ami 
noalkylphosphoramidates, thionophosphoramidates, thion 
oalkylphosphonates, thionoalkylphosphotriesters, 
Selenophosphates and boranophosphates having normal 3'-5' 
linkages, 2'-5' linked analogs of these, and those having 
inverted polarity wherein one or more internucleotide link 
ages is a 3' to 3', 5' to 5' or 2 to 2 linkage. Preferred 
oligonucleotides having inverted polarity comprise a single 
3' to 3' linkage at the 3'-most internucleotide linkage i.e. a 
Single inverted nucleoside residue which may be a basic (the 
nucleobase is missing or has a hydroxyl group in place 
thereof). Various Salts, mixed salts and free acid forms are 
also included. 

0312 Representative United States patents that teach the 
preparation of the above phosphorus-containing linkages 
include, but are not limited to, U.S. Pat. No.: 3,687,808; 
4,469,863; 4,476,301; 5,023,243; 5,177, 196; 5,188,897; 
5,264,423: 5,276,019; 5,278,302; 5,286,717; 5,321,131; 
5,399,676; 5,405,939; 5.453,496; 5,455,233; 5,466,677; 
5,476,925; 5,519,126; 5,536,821; 5,541,306; 5,550,111; 
5,563,253; 5,571,799; 5,587,361; 5,194.599; 5,565,555; 
5,527,899; 5,721,218; 5,672,697 and 5,625,050, certain of 
which are commonly owned with this application, and each 
of which is herein incorporated by reference. 
0313 Preferred modified oligonucleotide backbones that 
do not include a phosphorus atom therein have backbones 
that are formed by short chain alkyl or cycloalkyl inter 
nucleoside linkages, mixed heteroatom and alkyl or 
cycloalkyl internucleoside linkages, or one or more short 
chain heteroatomic or heterocyclic internucleoside linkages. 
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These include those having morpholino linkages (formed in 
part from the Sugar portion of a nucleoside); siloxane 
backbones, Sulfide, Sulfoxide and Sulfone backbones, for 
macetal and thioformacetal backbones, methylene formac 
etal and methylene thioformacetal backbones, riboacetal 
backbones, alkene containing backbones, Sulfamate back 
bones, methyleneimino and methylenehydrazino back 
bones, Sulfonate and Sulfonamide backbones, amide back 
bones; and others having mixed N, O, S and CH component 
parts. 

0314 Representative United States patents that teach the 
preparation of the above oligonucleosides include, but are 
not limited to, U.S. Pat. Nos.: 5,034,506; 5,166,315; 5,185, 
444; 5,214,134, 5,216,141, 5,235,033; 5,264,562; 5,264, 
564; 5,405,938; 5,434,257; 5,466,677; 5,470,967; 5,489, 
677; 5,541,307; 5,561.225; 5,596,086; 5,602,240; 5,610, 
289; 5,602,240; 5,608,046; 5,610,289; 5,618,704, 5,623, 
070; 5,663,312; 5,633,360; 5,677,437; 5,792,608; 5,646.269 
and 5,677,439, certain of which are commonly owned with 
this application, and each of which is herein incorporated by 
reference. 

0315 Most preferred embodiments of the invention are 
oligonucleotides with phosphorothioate backbones and oli 
gonucleosides with heteroatom backbones, and in particular 
-CH-NH-O-CH-, CH-N(CH)-O-CH 
known as a methylene (methylimino) or MMI backbone), 
-CH-O-N(CH)-CH-, -CH-N(CH)- 
N(CH-)-CH- and -O-N(CH-)-CH-CH 
wherein the native phosphodiester backbone is represented 
as -O-P-O-CH-) of the above referenced U.S. Pat. 
No. 5,489,677, and the amide backbones of the above 
referenced U.S. Pat. No. 5,602,240. Also preferred are 
oligonucleotides having morpholino backbone Structures of 
the above-referenced U.S. Pat. 5,034,506. 

0316. In addition to the modified nucleoside units 
described above, other modified nucleoside units can also be 
incorporated in to the oligonucleotides of the invention. 
Such other modified nucleoside units include nucleosides 
having Sugar Substituent groups including OH, F, O-, S-, 
or N-alkyl; O-, S-, or N-alkenyl; O-, S-or N-alkynyl; 
or O-alkyl-O-alkyl, wherein the alkyl, alkenyl and alkynyl 
may be Substituted or unsubstituted C to Co alkyl or C to 
Co alkenyl and alkynyl. Particularly preferred are 
O(CH), OCH, O(CH), OCH, O(CH), NH, 
O(CH), CH, O(CH), ONH, and O(CH), O, 
(CH), CH, where n and mare from 1 to about 10. Other 
preferred oligonucleotides comprise a Sugar Substituent 
group Selected from: C to Co lower alkyl, Substituted lower 
alkyl, alkenyl, alkynyl, alkaryl, aralkyl, O-alkaryl or 
O-aralkyl, SH, SCH, OCN, Cl, Br, CN, CF, OCF, 
SOCH, SOCH, ONO., NO, N, NH, heterocycloalkyl, 
heterocycloalkaryl, aminoalkylamino, polyalkylamino, Sub 
Stituted Sillyl, an RNA cleaving group, a reporter group, an 
intercalator, a group for improving the pharmacokinetic 
properties of an oligonucleotide, or a group for improving 
the pharmacodynamic properties of an oligonucleotide, and 
other Substituents having Similar properties. A preferred 
modification includes 2'-methoxyethoxy (2'-O- 
CHCHOCH, also known as 2'-O-(2-methoxyethyl) or 
2'-MOE) (Martin et al., Helv. Chim. Acta, 1995, 78, 486 
504) i.e., an alkoxyalkoxy group. A further preferred modi 
fication includes 2'-dimethylaminooxyethoxy, i.e., a 
O(CH)ON(CH4), group, also known as 2-DMAOE, as 
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described in examples hereinbelow, and 2'-dimethylamino 
ethoxyethoxy (also known in the art as 2'-O-dimethyl 
amino-ethoxy-ethyl or 2-DMAEOE), i.e., 2'-O-CH 
O-CH-N(CH). 
0317. Other preferred sugar Substituent groups include 
methoxy (-O-CH), aminopropoxy 
(-OCH2CHCH-NH), allyl (-CH-CH=CH-), -O- 
allyl (-O-CH-CH=CH-) and fluoro (F). 2'-Sugar Sub 
Stituent groups may be in the arabino (up) position or ribo 
(down) position. A preferred 2'-arabino modification is 2'-F. 
Similar modifications may also be made at other positions 
on the oligomeric compound, particularly the 3' position of 
the Sugar on the 3' terminal nucleoside or in 2'-5" linked 
oligonucleotides and the 5' position of 5' terminal nucle 
otide. Oligomeric compounds may also have Sugar mimetics 
Such as cyclobutyl moieties in place of the pentofuranosyl 
Sugar. Representative United States patents that teach the 
preparation of Such modified Sugar Structures include, but 
are not limited to, U.S. Pat. Nos.: 4,981,957; 5,118,800; 
5,319,080; 5,359,044; 5,393,878; 5,446,137; 5,466,786; 
5,514,785; 5,519,134; 5,567,811; 5,576.427; 5,591,722; 
5,597,909; 5,610,300; 5,627,053; 5,639,873; 5,646,265; 
5,658,873; 5,670,633; 5,792,747; and 5,700,920, certain of 
which are commonly owned with the instant application, 
and each of which is herein incorporated by reference in its 
entirety. 
0318. Further representative sugar substituent groups 
include groups of formula I or II: 

Ia 

IIa 

0319 wherein: 
0320 R is O, S or NH; 
0321 R is a single bond, O, S or C(=O); 
0322 R is C-C alkyl, N(R)(R), N(R)(R), 
N=C(R)(R), N=C(R)(R) or has formula III, 

IIIa 

0323 R and Rare each independently hydrogen or 
C-Clio alkyl, 

0324) R, is -R-R; 
0325 each R, R, R and R is, independently, 
hydrogen, C(O)R, Substituted or unsubstituted 
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C-Co alkyl, Substituted or unsubstituted C-Co 
alkenyl, Substituted or unsubstituted C-Co alkynyl, 
alkylsulfonyl, arylsulfonyl, a chemical functional 
group or a conjugate group, wherein the Substituent 
groups are Selected from hydroxyl, amino, alkoxy, 
carboxy, benzyl, phenyl, nitro, thiol, thioalkoxy, 
halogen, alkyl, aryl, alkenyl and alkynyl; 

0326 or optionally, R and R, together form a 
phthalimido moiety with the nitrogen atom to which 
they are attached; 

0327 each R is, independently, Substituted or 
unsubstituted C-C alkyl, trifluoromethyl, cyano 
ethyloxy, methoxy, ethoxy, t-butoxy, allyloxy, 
9-fluorenylmethoxy, 2-(trimethylsilyl)-ethoxy, 2,2,2- 
trichloroethoxy, benzyloxy, butyryl, iso-butyryl, 
phenyl or aryl; 

0328 R is hydrogen, a nitrogen protecting group or 
-R-R.: X y? 

0329) R, is hydrogen, a nitrogen protecting group or 
-R-R.: x sys 

0330 R is a bond or a linking moiety; 

0331 R is a chemical functional group, a conjugate 
group or a Solid Support medium; 

0332 each R, and R is, independently, H, a nitro 
gen protecting group, Substituted or unsubstituted 
C-Clio alkyl, Substituted or unsubstituted C-Co 
alkenyl, Substituted or unsubstituted C-C alkynyl, 
wherein the Substituent groups are Selected from 
hydroxyl, amino, alkoxy, carboxy, benzyl, phenyl, 
nitro, thiol, thioalkoxy, halogen, alkyl, aryl, alkenyl, 
alkynyl; NH", N(R)(R), guanidino and acyl where 
Said acyl is an acid amide or an ester; 

0333 or R and R, together, are a nitrogen protect 
ing group, are joined in a ring Structure that option 
ally includes an additional heteroatom Selected from 
N and O or are a chemical functional group; 

0334 R is OR, SR, or N(R); 
0335 each R, is, independently, H, C-C alkyl, 
C-Cs haloalkyl, C(=NH)N(H)R, C(=O)N(H)R 
or OC(=O)N(H)R; 

0336 R. R. and R, comprise a ring system having 
from about 4 to about 7 carbon atoms or having from 
about 3 to about 6 carbon atoms and 1 or 2 heteroa 
toms wherein Said heteroatoms are Selected from 
oxygen, nitrogen and Sulfur and wherein Said ring 
System is aliphatic, unsaturated aliphatic, aromatic, 
or Saturated or unsaturated heterocyclic; 

0337 R is alkyl or haloalkyl having 1 to about 10 
carbon atoms, alkenyl having 2 to about 10 carbon 
atoms, alkynyl having 2 to about 10 carbon atoms, 
aryl having 6 to about 14 carbon atoms, N(R)(R) 
OR, halo, SR or CN; 

0338 m, is 1 to about 10; 
0339 each mb is, independently, 0 or 1; 
0340 mc is 0 or an integer from 1 to 10; 
0341 md is an integer from 1 to 10; 
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0342 me is from 0, 1 or 2; and 
0343 provided that when mc is 0, md is greater than 

1. 

0344) Particularly preferred sugar substituent groups 
include O(CH), OCH, O(CH), OCH, O(CH), NH, 
O(CH), CH, O(CH), ONH, and O(CH), ONL(CH), CH4) 
, where n and m are from 1 to about 10. 
0345 A further preferred modification of the Sugar moi 
ety is a locked nucleic acid structure (LNA) in which the 
2'-hydroxyl group is linked to the 3' or 4' carbon atom of the 
Sugar ring thereby forming a bicyclic Sugar moiety. The 
linkage is preferably a methelyne (-CH2-), group bridg 
ing the 2' oxygen atom and the 4' carbon atom wherein n is 
1 or 2. LNAS and preparation thereof are described in WO 
98/39352 and WO 99/14226. 

0346 Oligonucleotides may also include nucleobase 
(often referred to in the art simply as “base” or "heterocyclic 
base moiety') modifications or Substitutions. AS used herein, 
“unmodified” or “natural nucleobases include the purine 
bases adenine (A) and guanine (G), and the pyrimidine bases 
thymine (T), cytosine (C) and uracil (U). Modified nucleo 
bases include other Synthetic and natural nucleobaseS Such 
as 5-methylcytosine (5-me-C), 5-hydroxymethyl cytosine, 
Xanthine, hypoxanthine, 2-aminoadenine, 6-methyl and 
other alkyl derivatives of adenine and guanine, 2-propyl and 
other alkyl derivatives of adenine and guanine, 2-thiouracil, 
2-thiothymine and 2-thiocytosine, 5-halouracil and cytosine, 
5-propynyl (-C=C-CH-) uracil and cytosine and other 
alkynyl derivatives of pyrimidine bases, 6-aZO uracil, 
cytosine and thymine, 5-uracil (pseudouracil), 4-thiouracil, 
8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl and other 
8-Substituted adenines and guanines, 5-halo particularly 
5-bromo, 5-trifluoromethyl and other 5-substituted uracils 
and cytosines, 7-methylguanine and 7-methyladenine, 2-F- 
adenine, 2-amino-adenine, 8-azaguanine and 8-azaadenine, 
7-deazaguanine and 7-deaZaadenine and 3-deazaguanine 
and 3-deaZaadenine. Further modified nucleobases include 
tricyclic pyrimidines Such as phenoxazine cytidine(1H-py 
rimido5,4-b1 4-benzoxazin-2(3H)-one), phenothiazine 
cytidine (1H-pyrimido5,4-b1,4)benzothiazin-2(3H)-one), 
G-clamps Such as a Substituted phenoxazine cytidine (e.g. 
9-(2-aminoethoxy)-H-pyrimido5,4-b1,4)benzoxazin 
2(3H)-one), carbazole cytidine (2H-pyrimido4,5-bindol-2- 
one), pyridoindole cytidine (H-pyrido3',2':45pyrrolo2,3- 
dpyrimidin-2-one). Modified nucleobases may also include 
those in which the purine or pyrimidine base is replaced with 
other heterocycles, for example 7-deaza-adenine, 7-deaza 
guanosine, 2-aminopyridine and 2-pyridone. Further nucleo 
bases include those disclosed in U.S. Pat. No. 3,687,808, 
those disclosed in The Concise Encyclopedia Of Polymer 
Science And Engineering, pages 858-859, Kroschwitz, J. I., 
ed. John Wiley & Sons, 1990, those disclosed by Englisch 
et al., Angewandte Chemie, International Edition, 1991, 30, 
613, and those disclosed by Sanghvi, Y. S., Chapter 15, 
Antisense Research and Applications, pages 289-302, 
Crooke, S.T. and Lebleu, B., ed., CRC Press, 1993. Certain 
of these nucleobases are particularly useful for increasing 
the binding affinity of the oligomeric compounds of the 
invention. These include 5-Substituted pyrimidines, 6-aza 
pyrimidines and N-2, N-6 and O-6 substituted purines, 
including 2-aminopropyladenine, 5-propynyluracil and 
5-propynylcytosine. 5-methylcytosine Substitutions have 
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been shown to increase nucleic acid duplex Stability by 
0.6-1.2 C. (Sanghvi, Y. S., Crooke, S. T. and Lebleu, B., 
eds., AntiSense Research and Applications, CRC Press, Boca 
Raton, 1993, pp. 276-278) and are presently preferred base 
Substitutions, even more particularly when combined with 
2'-O-methoxyethyl Sugar modifications. 
0347 Representative United States patents that teach the 
preparation of certain of the above noted modified nucleo 
bases as well as other modified nucleobases include, but are 
not limited to, the above noted U.S. Pat. No. 3,687,808, as 
well as U.S. Pat. Nos.: 4,845,205; 5,130,302; 5,134,066; 
5,175.273; 5,367,066; 5,432.272; 5.457,187; 5.459.255; 
5,484,908; 5,502,177; 5,525,711; 5,552,540, 5,587.469; 
5,594,121, 5,596,091; 5,614,617; 5,645,985; 5,830,653; 
5,763,588; 6,005.096; and 5,681,941, certain of which are 
commonly owned with the instant application, and each of 
which is herein incorporated by reference, and U.S. Pat. No. 
5,750,692, which is commonly owned with the instant 
application and also herein incorporated by reference. 
0348 Another modification of the oligonucleotides of the 
invention involves chemically linking to the oligonucleotide 
one or more moieties or conjugates which enhance the 
activity, cellular distribution or cellular uptake of the oligo 
nucleotide. The compounds of the invention can include 
conjugate groups covalently bound to functional groups 
Such as primary or Secondary hydroxyl groups. Conjugate 
groups of the invention include intercalators, reporter mol 
ecules, polyamines, polyamides, polyethylene glycols, poly 
ethers, groups that enhance the pharmacodynamic properties 
of oligomers, and groups that enhance the pharmacokinetic 
properties of oligomers. Typical conjugates groups include 
cholesterols, lipids, phospholipids, biotin, phenazine, folate, 
phenanthridine, anthraquinone, acridine, fluoresceins, 
rhodamines, coumarins, and dyes. A preferred group of 
conjugates are reporter molecules. Such preferred reported 
molecules have a physical or chemical property for identi 
fication in gels, fluids, whole cellular Systems or broken 
cellular Systems. They are capable of being identified via 
Spectroscopy, radioactivity, colorimetric assays, fluores 
cence or Specific binding. Groups that enhance the pharma 
codynamic properties, in the context of this invention, 
include groups that improve oligomer uptake, enhance oli 
gomer resistance to degradation, and/or strengthen 
sequence-specific hybridization with RNA. Groups that 
enhance the pharmacokinetic properties, in the context of 
this invention, include groups that improve oligomer uptake, 
distribution, metabolism or excretion. Representative con 
jugate groups are disclosed in International Patent Applica 
tion PCT/US92/09196, filed Oct. 23, 1992 the entire disclo 
Sure of which is incorporated herein by reference. Conjugate 
moieties include but are not limited to lipid moieties Such as 
a cholesterol moiety (Letsinger et al., Proc. Natl. Acad. Sci. 
USA, 1989, 86, 6553-6556), cholic acid (Manoharan et al., 
Bioorg. Med. Chem. Let., 1994, 4, 1053-1060), a thioether, 
e.g., hexyl-S-tritylthiol (Manoharan et al., Ann. N. Y. Acad. 
Sci., 1992, 660, 306-309; Manoharan et al., Bioorg. Med. 
Chem. Let., 1993, 3, 2765-2770), a thiocholesterol (Ober 
hauser et al., Nucl. Acids Res., 1992, 20, 533-538), an 
aliphatic chain, e.g., dodecandiol or undecyl residues (Sai 
son-Behmoaras et al., EMBO J., 1991, 10, 1111-1118; 
Kabanov et al., FEBS Lett., 1990, 259,327-330; Svinarchuk 
et al., Biochimie, 1993, 75, 49-54), a phospholipid, e.g., 
di-hexadecyl-rac-glycerol or triethyl-ammonium 1,2-di-O- 
hexadecyl-rac-glycero-3-H-phosphonate (Manoharan et al., 
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Tetrahedron Lett., 1995, 36, 3651-3654; Shea et al., Nucl. 
Acids Res., 1990, 18, 3777-3783), a polyamine or a poly 
ethylene glycol chain (Manoharan et al., Nucleosides & 
Nucleotides, 1995, 14,969-973), or adamantane acetic acid 
(Manoharan et al., Tetrahedron Lett., 1995, 36,3651-3654), 
a palmityl moiety (Mishra et al., Biochim. Biophys. Acta, 
1995, 1264, 229-237), or an octadecylamine or hexylamino 
carbonyl-oxycholesterol moiety (Crooke et al., J. Pharma 
col. Exp. Ther., 1996, 277,923-937. Oligonucleotides of the 
invention may also be conjugated to active drug Substances, 
for example, aspirin, warfarin, phenylbutaZone, ibuprofen, 
Suprofen, fenbufen, ketoprofen, (S)-(+)-pranoprofen, car 
profen, dansylsarcosine, 2,3,5-triiodobenzoic acid, flufe 
namic acid, folinic acid, a benzothiadiazide, chlorothiazide, 
a diazepine, indomethicin, a barbiturate, a cephalosporin, a 
Sulfa drug, an antidiabetic, an antibacterial or an antibiotic. 
Oligonucleotide-drug conjugates and their preparation are 
described in U.S. patent application 09/334,130 (filed Jun. 
15, 1999), which is incorporated herein by reference in its 
entirety. 
0349 Representative United States patents that teach the 
preparation of Such oligonucleotide conjugates include, but 
are not limited to, U.S. Pat. Nos.: 4,828,979; 4,948,882; 
5,218,105; 5,525,465; 5,541,313; 5,545,730; 5,552,538; 
5,578,717, 5,580,731; 5,580,731; 5,591584; 5,109,124; 
5,118.802; 5,138.045; 5,414,077; 5,486,603; 5,512,439; 
5,578,718; 5,608,046; 4,587,044; 4,605,735; 4,667,025; 
4,762,779; 4,789,737; 4,824,941; 4,835,263; 4,876,335; 
4,904,582, 4,958,013; 5,082,830; 5,112,963; 5,214,136; 
5,082,830; 5,112,963; 5,214,136; 5,245,022; 5,254,469; 
5,258,506; 5,262,536; 5,272,250; 5,292.873; 5,317,098: 
5,371,241, 5,391,723; 5,416,203, 5,451,463; 5,510,475; 
5,512,667; 5,514,785; 5,565,552; 5,567,810; 5,574,142; 
5,585,481; 5,587,371; 5,595,726; 5,597,696; 5,599,923; 
5,599.928 and 5,688,941, certain of which are commonly 
owned with the instant application, and each of which is 
herein incorporated by reference. 
0350. It is not necessary for all positions in a given 
compound to be uniformly modified, and in fact more than 
one of the aforementioned modifications may be incorpo 
rated in a single compound or even at a single nucleoside 
within an oligonucleotide. The present invention also 
includes antisense compounds that are chimeric compounds. 
“Chimeric' antisense compounds or “chimeras,” in the 
context of this invention, are antisense compounds, particu 
larly oligonucleotides, which contain two or more chemi 
cally distinct regions, each made up of at least one monomer 
unit, i.e., a nucleotide in the case of an oligonucleotide 
compound. These oligonucleotides typically contain at least 
one region wherein the oligonucleotide is modified So as to 
confer upon the oligonucleotide increased resistance to 
nuclease degradation, increased cellular uptake, and/or 
increased binding affinity for the target nucleic acid. An 
additional region of the oligonucleotide may serve as a 
substrate for enzymes capable of cleaving RNA:DNA or 
RNA:RNA hybrids. By way of example, RNase H is a 
cellular endonuclease which cleaves the RNA strand of an 
RNA:DNA duplex. Activation of RNase H, therefore, results 
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in cleavage of the RNA target, thereby greatly enhancing the 
efficiency of oligonucleotide inhibition of gene expression. 
Consequently, comparable results can often be obtained with 
Shorter oligonucleotides when chimeric oligonucleotides are 
used, compared to phosphorothioate deoxyoligonucleotides 
hybridizing to the Same target region. Cleavage of the RNA 
target can be routinely detected by gel electrophoresis and, 
if necessary, asSociated nucleic acid hybridization tech 
niques known in the art. 
0351 Chimeric antisense compounds of the invention 
may be formed as composite Structures of two or more 
oligonucleotides, modified oligonucleotides, oligonucleo 
Sides and/or oligonucleotide mimetics as described above. 
Such compounds have also been referred to in the art as 
hybrids or gapmerS. Representative United States patents 
that teach the preparation of Such hybrid Structures include, 
but are not limited to, U.S. Pat. Nos.: 5,013,830; 5,149,797; 
5,220,007; 5,256,775; 5,366,878; 5,403,711; 5,491,133; 
5,565,350; 5,623,065; 5,652,355; 5,652,356; and 5,700,922, 
certain of which are commonly owned with the instant 
application, and each of which is herein incorporated by 
reference in its entirety. 
0352. In accordance with a further aspect of this inven 
tion, the oligonucleotides of the invention can be used in 
nucleic acid duplexes comprising the antisense Strand oli 
gonucleotide and its complement Sense Strand oligonucle 
otide. Either of these can be of a Sequence designed to 
hybridize to a Specific target or targets, however, normally 
the antisense oligonucleotide with be designed to bind to the 
target. The ends of the strands may be modified by the 
addition of one or more natural or modified nucleobases to 
form an overhang. The Sense Strand of the duplex is designed 
and Synthesized as the complement of the antisense Strand 
and may also contain modifications or additions to either 
terminus. For example, in one embodiment, both Strands of 
the duplex would be complementary over the central nucleo 
bases, each having overhangs at one or both termini. 
0353 For the purposes of describing an embodiment of 
this invention, the combination of an antisense Strand and a 
Sense Strand, each of can be of a specified length, for 
example from 12 to 30 nucleotides long, is identified as a 
complementary pair of siRNA oligonucleotides. These 
complementary pair of siRNA oligonucleotides can include 
additional nucleotides on either of their 5' or 3' ends. Further 
they can include other molecules or molecular structures on 
their 3' or 5' ends Such as a phosphate group on the 5' end. 
A preferred group of compounds of the invention include a 
phosphate group on the 5' end of the antisense Strand 
compound. Other preferred compounds also include a phos 
phate group on the 5' end of the Sense Strand compound. An 
even further preferred compounds would include additional 
nucleotides Such as a two base overhang on the 3' end. 
0354 For example, a preferred siRNA complementary 
pair of oligonucleotides comprise an antisense Strand oligo 
meric compound having the Sequence CGAGAGGCG 
GACGGGACCG and having a two-nucleobase overhang of 
deoxythymidine(dT) and its complement Sense Strand. 
These oligonucleotides would have the following Structure: 

Antisense Strand 

5' Complement Strand 
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0355. In an additional embodiment of the invention, a 
Single oligonucleotide having both the antisense portion as 
a first region in the oligonucleotide and the Sense portion as 
a Second region in the oligonucleotide is Selected. The first 
and Second regions are linked together by either a nucleotide 
linker (a string of one or more nucleotides that are linked 
together in a sequence) or by a non-nucleotide linker region 
or by a combination of both a nucleotide and non-nucleotide 
Structure. In each of these Structures, the oligonucleotide, 
when folded back on itself, would be complementary at least 
between the first region, the antisense portion, and the 
Second region, the Sense portion. Thus the oligonucleotide 
would have a palindrome within it structure wherein the first 
region, the antisense portion in the 5' to 3’ direction, is 
complementary to the Second region, the Sense portion in the 
3' to 5' direction. 

0356. In a further embodiment, the invention includes an 
oligonucleotide/protein composition. This composition has 
both an oligonucleotide component and a protein compo 
nent. The oligonucleotide component comprises at least one 
oligonucleotide, either the antisense or the Sense oligonucle 
otide but preferable the antisense oligonucleotide (the oli 
gonucleotide that is antisense to the target nucleic acid). The 
oligonucleotide component can also comprise both the anti 
Sense and the Sense Strand oligonucleotides. The protein 
component of the composition comprises at least one protein 
that forms a portion of the RNA-induced Silencing complex, 
i.e., the RISC complex. 
0357 RISC is a ribonucleoprotein complex that contains 
an oligonucleotide component and proteins of the Argonaute 
family of proteins, among others. While we do not wish to 
be bound by theory, the Argonaute proteins make up a highly 
conserved family whose members have been implicated in 
RNA interference and the regulation of related phenomena. 
Members of this family have been shown to possess the 
canonical PAZ and Piwi domains, thought to be a region of 
protein-protein interaction. Other proteins containing these 
domains have been shown to effect target cleavage, includ 
ing the RNAse, Dicer. The Argonaute family of proteins 
includes, but depending on Species, are not necessary limited 
to, elP2C1 and elP2C2. elP2C2 is also known as human 
GERp.95. While we do not wish to be bound by theory, at 
least the antisense oligonucleotide Strand is bound to the 
protein component of the RISC complex. Additional, the 
complex might also include the Sense Strand oligonucleotide 
(see Carmell et al, Genes and Development 2002, 16, 
2733-2742). 
0358 Also while we do not wish to be bound by theory, 

it is further believe that the RISC complex may interact with 
one or more of the translation machinery components. 
Translation machinery components include but are not lim 
ited to proteins that effect or aid in the translation of an RNA 
into protein including the ribosomes or polyribosome com 
plex. Therefore, in a further embodiment of the invention, 
the oligonucleotide component of the invention is associated 
with a RISC protein component and further associates with 
the translation machinery of a cell. Such interaction with the 
translation machinery of the cell would include interaction 
with Structural and enzymatic proteins of the translation 
machinery including but not limited to the polyribosome and 
ribosomal Subunits. 

0359. In a further embodiment of the invention, the 
oligonucleotide of the invention is associated with cellular 
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factorS Such as transporters or chaperones. These cellular 
factors can be protein, lipid or carbohydrate based and can 
have structural or enzymatic functions that may or may not 
require the complexation of one or more metal ions. 

0360. Furthermore, the oligonucleotide of the invention 
itself may have one or more. moieties that are bound to the 
oligonucleotide which facilitate the active or passive trans 
port, localization or compartmentalization of the oligonucle 
otide. Cellular localization includes, but is not limited to, 
localization to within the nucleus, the nucleolus or the 
cytoplasm. Compartmentalization includes, but is not lim 
ited to, any directed movement of the oligonucleotides of the 
invention to a cellular compartment including the nucleus, 
nucleolus, mitochondrion, or imbedding into a cellular 
membrane Surrounding a compartment or the cell itself. 

0361. In a further embodiment of the invention, the 
oligonucleotide of the invention is associated with cellular 
factors that affect gene expression, more specifically those 
involved in RNA modifications. These modifications 
include, but are not limited to posttraScriptional modifica 
tions Such as methylation. Furthermore, the oligonucleotide 
of the invention itself may have one or more moieties that 
are bound to the oligonucleotide which facilitate the post 
transcriptional modification. 
0362. The oligomeric compounds of the invention may 
be used in the form of Single-Stranded, double-Stranded, 
circular or hairpin oligomeric compounds and may contain 
Structural elements Such as internal or terminal bulges or 
loops. Once introduced to a system, the oligomeric com 
pounds of the invention may interact with or elicit the action 
of one or more enzymes or may interact with one or more 
Structural proteins to effect modification of the target nucleic 
acid. 

0363. One non-limiting example of such an interaction is 
the RISC complex. Use of the RISC complex to effect 
cleavage of RNA targets thereby mediated inhibition of gene 
expression. Similar roles have been postulated for other 
ribonucleases such as those in the RNase III and ribonu 
clease L family of enzymes and might greatly enhances the 
efficiency of the oligonucleotide. 

0364 Preferred forms of oligomeric compound of the 
invention thus include a single-Stranded antisense oligo 
nucleotide having a mode of action via the various classical 
antisense mechanisms of action including but not limited to 
antisense oligonucleotides, ribozymes, aptamers, and also a 
Single-Stranded antisense oligonucleotide that binds in a 
RISC complex, a double Stranded antisense/sense pair of 
oligonucleotide or a single Strand oligonucleotide that 
includes both an antisense portion and a Sense portion. Each 
of these compounds or compositions is used to induce potent 
and Specific modulation of gene function. Such specific 
modulation of gene function has been shown in many 
Species by the introduction of double-Stranded Structures, 
such as double-stranded RNA (dsRNA) molecules and has 
been shown to induce potent and Specific antisense-mediated 
reduction of the function of a gene or its associated gene 
products. This phenomenon occurs in both plants and ani 
mals and is believed to have an evolutionary connection to 
Viral defense and transposon Silencing. 
0365. The compounds and compositions of the invention 
are used to modulate the expression of a target nucleic acid. 
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"Modulators' are those oligomeric compounds that decrease 
or increase the expression of a nucleic acid molecule encod 
ing a target and which comprise at least an 8-nucleobase 
portion that is complementary to a preferred target Segment. 
The Screening method comprises the Steps of contacting a 
preferred target Segment of a nucleic acid molecule encod 
ing a target with one or more candidate modulators, and 
Selecting for one or more candidate modulators which 
decrease or increase the expression of a nucleic acid mol 
ecule encoding a target. Once it is shown that the candidate 
modulator or modulators are capable of modulating (e.g. 
either decreasing or increasing) the expression of a nucleic 
acid molecule encoding a target, the modulator may then be 
employed in further investigative Studies of the function of 
a target, or for use as a research, diagnostic, or therapeutic 
agent in accordance with the present invention 
0366 The oligomeric compounds used in accordance 
with this invention may be conveniently and routinely made 
through the well-known technique of Solid phase Synthesis. 
Equipment for Such synthesis is Sold by Several vendors 
including, for example, Applied BioSystems (Foster City, 
Calif.). Any other means for Such synthesis known in the art 
may additionally or alternatively be employed. It is well 
known to use Similar techniques to prepare oligonucleotides 
Such as the phosphorothioates and alkylated derivatives. 
0367 The compounds of the invention may also be 
admixed, encapsulated, conjugated or otherwise associated 
with other molecules, molecule Structures or mixtures of 
compounds, as for example, liposomes, receptor targeted 
molecules, oral, rectal, topical or other formulations, for 
assisting in uptake, distribution and/or absorption. Repre 
Sentative United States patents that teach the preparation of 
Such uptake, distribution and/or absorption assisting formu 
lations include, but are not limited to, U.S. Pat. Nos.: 
5,108,921; 5,354,844; 5,416,016; 5,459,127; 5,521,291; 
5,543,158; 5,547,932, 5,583,020; 5,591,721; 4,426,330; 
4,534,899; 5,013,556; 5,108,921; 5,213,804, 5,227,170; 
5,264,221; 5,356,633; 5,395,619; 5,416,016; 5,417,978; 
5,462,854; 5,469,854; 5,512,295; 5,527.528; 5,534,259; 
5,543,152; 5,556,948; 5,580,575; and 5,595,756, each of 
which is herein incorporated by reference. 
0368. The antisense compounds of the invention encom 
pass any pharmaceutically acceptable Salts, esters, or Salts of 
Such esters, or any other compound which, upon adminis 
tration to an animal including a human, is capable of 
providing (directly or indirectly) the biologically active 
metabolite or residue thereof. Accordingly, for example, the 
disclosure is also drawn to prodrugs and pharmaceutically 
acceptable Salts of the compounds of the invention, phar 
maceutically acceptable Salts of Such prodrugs, and other 
bioeduivalents. 
0369 The term “prodrug” indicates a therapeutic agent 
that is prepared in an inactive form that is converted to an 
active form (i.e., drug) within the body or cells thereof by the 
action of endogenous enzymes or other chemicals and/or 
conditions. In particular, prodrug versions of the oligonucle 
otides of the invention are prepared as SATE (S-acetyl-2- 
thioethyl) phosphate derivatives according to the methods 
disclosed in WO93/24510 to Gosselin et al., published Dec. 
9, 1993 or in WO 94/26764 and U.S. Pat. No. 5,770,713 to 
Imbach et al. 

0370. The term “pharmaceutically acceptable salts' 
refers to physiologically and pharmaceutically acceptable 
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Salts of the compounds of the invention: i.e., Salts that retain 
the desired biological activity of the parent compound and 
do not impart undesired toxicological effects thereto. 
0371 Pharmaceutically acceptable base addition salts are 
formed with metals or amines, Such as alkali and alkaline 
earth metals or organic amines. Examples of metals used as 
cations are Sodium, potassium, magnesium, calcium, and the 
like. Examples of suitable amines are N,N'-dibenzylethyl 
enediamine, chloroprocaine, choline, diethanolamine, dicy 
clohexylamine, ethylenediamine, N-methylglucamine, and 
procaine (see, for example, Berge et al., “Pharmaceutical 
Salts.”J. of Pharma Sci., 1977, 66, 1-19). The base addition 
Salts of Said acidic compounds are prepared by contacting 
the free acid form with a Sufficient amount of the desired 
base to produce the Salt in the conventional manner. The free 
acid form may be regenerated by contacting the Salt form 
with an acid and isolating the free acid in the conventional 
manner. The free acid forms differ from their respective salt 
forms Somewhat in certain physical properties Such as 
solubility in polar solvents, but otherwise the salts are 
equivalent to their respective free acid for purposes of the 
present invention. AS used herein, a “pharmaceutical addi 
tion Salt' includes a pharmaceutically acceptable Salt of an 
acid form of one of the components of the compositions of 
the invention. These include organic or inorganic acid Salts 
of the amines. Preferred acid salts are the hydrochlorides, 
acetates, Salicylates, nitrates and phosphates. Other Suitable 
pharmaceutically acceptable Salts are well known to those 
skilled in the art and include basic salts of a variety of 
inorganic and organic acids, Such as, for example, with 
inorganic acids, Such as for example hydrochloric acid, 
hydrobromic acid, Sulfuric acid or phosphoric acid; with 
organic carboxylic, Sulfonic, Sulfo or phospho acids or 
N-Substituted Sulfamic acids, for example acetic acid, pro 
pionic acid, glycolic acid, Succinic acid, maleic acid, 
hydroxymaleic acid, methylmaleic acid, fumaric acid, malic 
acid, tartaric acid, lactic acid, Oxalic acid, gluconic acid, 
glucaric acid, glucuronic acid, citric acid, benzoic acid, 
cinnamic acid, mandelic acid, Salicylic acid, 4-aminoSali 
cylic acid, 2-phenoxybenzoic acid, 2-acetoxybenzoic acid, 
embonic acid, nicotinic acid or isonicotinic acid; and with 
amino acids, Such as the 20 alpha-amino acids involved in 
the Synthesis of proteins in nature, for example glutamic acid 
or aspartic acid, and also with phenylacetic acid, methane 
Sulfonic acid, ethaneSulfonic acid, 2-hydroxyethaneSulfonic 
acid, ethane-1,2-disulfonic acid, benzeneSulfonic acid, 
4-methylbenzeneSulfonic acid, naphthalene-2-Sulfonic acid, 
naphthalene-1,5-disulfonic acid, 2- or 3-phosphoglycerate, 
glucose-6-phosphate, N-cyclohexylsulfamic acid (with the 
formation of cyclamates), or with other acid organic com 
pounds, Such as ascorbic acid. Pharmaceutically acceptable 
Salts of compounds may also be prepared with a pharma 
ceutically acceptable cation. Suitable pharmaceutically 
acceptable cations are well known to those skilled in the art 
and include alkaline, alkaline earth, ammonium and quater 
nary ammonium cations. Carbonates or hydrogen carbonates 
are also possible. 
0372 For oligonucleotides, preferred examples of phar 
maceutically acceptable Salts include but are not limited to 
(a) Salts formed with cations Such as Sodium, potassium, 
ammonium, magnesium, calcium, polyamines Such as Sper 
mine and Spermidine, etc.; (b) acid addition Salts formed 
with inorganic acids, for example hydrochloric acid, hydro 
bromic acid, Sulfuric acid, phosphoric acid, nitric acid and 
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the like; (c) Salts formed with organic acids Such as, for 
example, acetic acid, Oxalic acid, tartaric acid, Succinic acid, 
maleic acid, fumaric acid, gluconic acid, citric acid, malic 
acid, ascorbic acid, benzoic acid, tannic acid, palmitic acid, 
alginic acid, polyglutamic acid, naphthaleneSulfonic acid, 
methaneSulfonic acid, p-toluenesulfonic acid, naphthalene 
disulfonic acid, polygalacturonic acid, and the like; and (d) 
Salts formed from elemental anions Such as chlorine, bro 
mine, and iodine. 

0373 The antisense compounds of the present invention 
can be utilized for diagnostics, therapeutics, prophylaxis and 
as research reagents and kits. For therapeutics, an animal, 
preferably a human, Suspected of having a disease or dis 
order that can be treated by modulating the expression of a 
gene, is treated by administering antisense compounds tar 
geted to the gene in accordance with this invention. The 
compounds of the invention can be utilized in pharmaceu 
tical compositions by adding an effective amount of an 
antisense compound to a Suitable pharmaceutically accept 
able diluent or carrier. Use of the antisense compounds and 
methods of the invention may also be useful prophylacti 
cally, e.g., to prevent or delay infection, inflammation or 
tumor formation, for example. 

0374. The antisense compounds of the invention are 
useful for research and diagnostics, because these com 
pounds hybridize to nucleic acids encoding a gene, enabling 
Sandwich and other assays to easily be constructed to exploit 
this fact. Hybridization of the antisense oligonucleotides of 
the invention with a nucleic acid encoding the gene can be 
detected by means known in the art. Such means may 
include conjugation of an enzyme to the oligonucleotide, 
radiolabelling of the oligonucleotide or any other Suitable 
detection means. Kits using Such detection means for detect 
ing the level of the gene in a Sample may also be prepared. 

0375. The present invention also includes pharmaceutical 
compositions and formulations that include the antisense 
compounds of the invention. The pharmaceutical composi 
tions of the present invention may be administered in a 
number of ways depending upon whether local or Systemic 
treatment is desired and upon the area to be treated. Admin 
istration may be topical (including ophthalmic and to 
mucous membranes including vaginal and rectal delivery), 
pulmonary, e.g., by inhalation or insufflation of powders or 
aeroSols, including by nebulizer, intratracheal, intranasal, 
epidermal and transdermal), oral or parenteral. Parenteral 
administration includes intravenous, intraarterial, Subcuta 
neous, intraperitoneal or intramuscular injection or infusion; 
or intracranial, e.g., intrathecal or intraventricular, adminis 
tration. Oligonucleotides with at least one 2'-O-methoxy 
ethyl modification are believed to be particularly useful for 
oral administration. 

0376 Pharmaceutical compositions and formulations for 
topical administration may include transdermal patches, 
ointments, lotions, creams, gels, drops, Suppositories, 
Sprays, liquids and powders. Conventional pharmaceutical 
carriers, aqueous, powder or oily bases, thickeners and the 
like may be necessary or desirable. Coated condoms, gloves 
and the like may also be useful. Preferred topical formula 
tions include those in which the oligonucleotides of the 
invention are in admixture with a topical delivery agent Such 
as lipids, liposomes, fatty acids, fatty acid esters, Steroids, 
chelating agents and Surfactants. Preferred lipids and lipo 
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somes include neutral (e.g. dioleoylphosphatidyl DOPE 
ethanolamine, dimyristoylphosphatidylcholine DMPC, dis 
tearolyphosphatidyl choline) negative (e.g. dimyris 
toylphosphatidyl glycerol DMPG) and cationic (e.g. dio 
leoyltetramethylaminopropyl DOTAP and 
dioleoylphosphatidyl ethanolamine DOTMA). Oligonucle 
otides of the invention may be encapsulated within lipo 
Somes or may form complexes thereto, in particular to 
cationic liposomes. Alternatively, oligonucleotides may be 
complexed to lipids, in particular to cationic lipids. Preferred 
fatty acids and esters include but are not limited arachidonic 
acid, oleic acid, eicosanoic acid, lauric acid, caprylic acid, 
capric acid, myristic acid, palmitic acid, Stearic acid, linoleic 
acid, linolenic acid, dicaprate, tricaprate, monoolein, dilau 
rin, glyceryl 1-monocaprate, 1-dodecylazacycloheptan-2- 
one, an acylcarnitine, an acylcholine, or a Co alkyl ester 
(e.g. isopropylmyristate IPM), monoglyceride, diglyceride 
or pharmaceutically acceptable Salt thereof. Topical formu 
lations are described in detail in U.S. patent application Ser. 
No. 09/315,298 filed on May 20, 1999, which is incorpo 
rated herein by reference in its entirety. 
0377 Compositions and formulations for oral adminis 
tration include powders or granules, microparticulates, 
nanoparticulates, Suspensions or Solutions in water or non 
aqueous media, capsules, gel capsules, Sachets, tablets or 
minitablets. Thickeners, flavoring agents, diluents, emulsi 
fiers, dispersing aids or binders may be desirable. Preferred 
oral formulations are those in which oligonucleotides of the 
invention are administered in conjunction with one or more 
penetration enhancers Surfactants and chelators. Preferred 
Surfactants include fatty acids and/or esters or Salts thereof, 
bile acids and/or salts thereof. Prefered bile acids/salts 
include chenodeoxycholic acid (CDCA) and ursodeoxy 
chenodeoxycholic acid (UDCA), cholic acid, dehydrocholic 
acid, deoxycholic acid, glucholic acid, glycholic acid, gly 
codeoxycholic acid, taurocholic acid, taurodeoxycholic 
acid, Sodium tauro-24,25-dihydro-fusidate, Sodium glycodi 
hydrofusidate,. Prefered fatty acids include arachidonic acid, 
undecanoic acid, oleic acid, lauric acid, caprylic acid, capric 
acid, myristic acid, palmitic acid, Stearic acid, linoleic acid, 
linolenic acid, dicaprate, tricaprate, monoolein, dilaurin, 
glyceryl 1-monocaprate, 1-dodecylazacycloheptan-2-one, 
an acylcarnitine, an acylcholine, or a monoglyceride, a 
diglyceride or a pharmaceutically acceptable Salt thereof 
(e.g. Sodium). Also prefered are combinations of penetration 
enhancers, for example, fatty acids/salts in combination with 
bile acids/salts. A particularly preferred combination is the 
Sodium salt of lauric acid, capric acid and UDCA. Further 
penetration enhancers include polyoxyethylene-9-lauryl 
ether, polyoxyethylene-20-cetyl ether. Oligonucleotides of 
the invention may be delivered orally in granular form 
including Sprayed dried particles, or complexed to form 
micro or nanoparticles. Oligonucleotide complexing agents 
include polyamino acids, polyimines, polyacrylates, poly 
alkylacrylates, polyoxethanes, polyalkylcyanoacrylates, cat 
ionized gelatins, albumins, Starches, acrylates, polyethyl 
eneglycols (PEG) and Starches; polyalkylcyanoacrylates; 
DEAE-derivatized polyimines, pollulans, celluloses and 
Starches. Particularly preferred complexing agents include 
chitosan, N-trimethylchitosan, poly-L-lysine, polyhistidine, 
polyomithine, polyspermines, protamine, polyvinylpyridine, 
polythiodiethylamino-methylethylene P(TDAE), polyami 
nostyrene (e.g. p-amino), poly(methylcyanoacrylate), poly 
(ethylcyanoacrylate), poly(butylcyanoacrylate), poly(isobu 
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tylcyanoacrylate), poly(isohexylcynaoacrylate), DEAE 
methacrylate, DEAE-hexylacrylate, DEAE-acrylamide, 
DEAE-albumin and DEAE-dextran, polymethylacrylate, 
polyhexylacrylate, poly(D.L-lactic acid), poly(DL-lactic-co 
glycolic acid (PLGA), alginate, and polyethyleneglycol 
(PEG). Oral formulations for oligonucleotides and their 
preparation are described in detail in U.S. applications Ser. 
No. 08/886,829 (filed Jul. 1, 1997), Ser. No. 09/108,673 
(filed Jul. 1, 1998), Ser. No. 09/256,515 (filed Feb. 23, 
1999), Ser. No. 09/082,624 (filed May 21, 1998) and Ser. 
No. 09/315,298 (filed May 20, 1999) each of which is 
incorporated herein by reference in their entirety. 
0378 Compositions and formulations for parenteral, 
intrathecal or intraventricular administration may include 
Sterile aqueous Solutions that may also contain buffers, 
diluents and other Suitable additives such as, but not limited 
to, penetration enhancers, carrier compounds and other 
pharmaceutically acceptable carriers or excipients. 

0379 Pharmaceutical compositions of the present inven 
tion include, but are not limited to, Solutions, emulsions, and 
liposome-containing formulations. These compositions may 
be generated from a variety of components that include, but 
are not limited to, preformed liquids, Self-emulsifying Solids 
and Self-emulsifying Semisolids. 
0380 The pharmaceutical formulations of the present 
invention, which may conveniently be presented in unit 
dosage form, may be prepared according to conventional 
techniques well known in the pharmaceutical industry. Such 
techniques include the Step of bringing into association the 
active ingredients with the pharmaceutical carrier(s) or 
excipient(s). In general the formulations are prepared by 
uniformly and intimately bringing into association the active 
ingredients with liquid carriers or finely divided Solid car 
riers or both, and then, if necessary, Shaping the product. 
0381. The compositions of the present invention may be 
formulated into any of many possible dosage forms Such as, 
but not limited to, tablets, capsules, gel capsules, liquid 
Syrups, Soft gels, Suppositories, and enemas. The composi 
tions of the present invention may also be formulated as 
Suspensions in aqueous, non-aqueous or mixed media. 
Aqueous Suspensions may further contain Substances that 
increase the Viscosity of the Suspension including, for 
example, Sodium carboxymethylcellulose, Sorbitol and/or 
dextran. The Suspension may also contain Stabilizers. 

0382. In one embodiment of the present invention the 
pharmaceutical compositions may be formulated and used as 
foams. Pharmaceutical foams include formulations Such as, 
but not limited to, emulsions, microemulsions, creams, 
jellies and liposomes. While basically similar in nature these 
formulations vary in the components and the consistency of 
the final product. The preparation of Such compositions and 
formulations is generally known to those skilled in the 
pharmaceutical and formulation arts and may be applied to 
the formulation of the compositions of the present invention. 
0383. The compositions of the present invention may be 
prepared and formulated as emulsions. Emulsions are typi 
cally heterogenous Systems of one liquid dispersed in 
another in the form of droplets usually exceeding 0.1 um in 
diameter. (Idson, in Pharmaceutical Dosage Forms, Lieber 
man, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., 
New York, N.Y., volume 1, p. 199; Rosoff, in Pharmaceu 
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tical DOSage Forms, Lieberman, Rieger and Banker (Eds.), 
1988, Marcel Dekker, Inc., New York, N.Y., Volume 1, p. 
245; Block in Pharmaceutical Dosage Forms, Lieberman, 
Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New 
York, N.Y., volume 2, p. 335; Higuchi et al., in Remington's 
Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa., 
1985, p. 301). Emulsions are often biphasic systems com 
prising of two immiscible liquid phases intimately mixed 
and dispersed with each other. In general, emulsions may be 
either water-in-oil (w/o) or of the oil-in-water (o/w) variety. 
When an aqueous phase is finely divided into and dispersed 
as minute droplets into a bulk oily phase the resulting 
composition is called a water-in-oil (w/o) emulsion. Alter 
natively, when an oily phase is finely divided into and 
dispersed as minute droplets into a bulk aqueous phase the 
resulting composition is called an oil-in-water (o/w) emul 
Sion. Emulsions may contain additional components in 
addition to the dispersed phases and the active drug that may 
be present as a Solution in either the aqueous phase, oily 
phase or itself as a separate phase. Pharmaceutical excipients 
Such as emulsifiers, Stabilizers, dyes, and anti-oxidants may 
also be present in emulsions as needed. Pharmaceutical 
emulsions may also be multiple emulsions that are com 
prised of more than two phases Such as, for example, in the 
case of oil-in-water-in-oil (o/w/o) and water-in-oil-in-water 
(w/o/w) emulsions. Such complex formulations often pro 
vide certain advantages that Simple binary emulsions do not. 
Multiple emulsions in which individual oil droplets of an 
o/w emulsion enclose Small water droplets constitute a 
W/olw emulsion. Likewise a System of oil droplets enclosed 
in globules of water Stabilized in an oily continuous provides 
an O/w/o emulsion. 

0384 Emulsions are characterized by little or no thermo 
dynamic Stability. Often, the dispersed or discontinuous 
phase of the emulsion is well dispersed into the external or 
continuous phase and maintained in this form through the 
means of emulsifiers or the Viscosity of the formulation. 
Either of the phases of the emulsion may be a semisolid or 
a Solid, as is the case of emulsion-style ointment bases and 
creams. Other means of Stabilizing emulsions entail the use 
of emulsifiers that may be incorporated into either phase of 
the emulsion. Emulsifiers may broadly be classified into four 
categories: Synthetic Surfactants, naturally occurring emul 
sifiers, absorption bases, and finely dispersed Solids (Idson, 
in Pharmaceutical Dosage Forms, Lieberman, Rieger and 
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., 
volume 1, p. 199). 
0385 Synthetic surfactants, also known as surface active 
agents, have found wide applicability in the formulation of 
emulsions and have been reviewed in the literature (Rieger, 
in Pharmaceutical Dosage Forms, Lieberman, Rieger and 
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., 
volume 1, p. 285; Idson, in Pharmaceutical Dosage Forms, 
Lieberman, Rieger and Banker (Eds.), Marcel Dekker, Inc., 
New York, N.Y., 1988, volume 1, p. 199). Surfactants are 
typically amphiphilic and comprise a hydrophilic and a 
hydrophobic portion. The ratio of the hydrophilic to the 
hydrophobic nature of the surfactant has been termed the 
hydrophile/lipophile balance (HLB) and is a valuable tool in 
categorizing and Selecting Surfactants in the preparation of 
formulations. Surfactants may be classified into different 
classes based on the nature of the hydrophilic group: non 
ionic, anionic, cationic and amphoteric (Rieger, in Pharma 
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ceutical DOSage Forms, Lieberman, Rieger and Banker 
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 
1, p. 285). 
0386 Naturally occurring emulsifiers used in emulsion 
formulations include lanolin, beeswax, phosphatides, leci 
thin and acacia. Absorption bases possess hydrophilic prop 
erties Such that they can Soak up water to form w/o emul 
Sions yet retain their Semisolid consistencies, Such as 
anhydrous lanolin and hydrophilic petrolatum. Finely 
divided Solids have also been used as good emulsifiers 
especially in combination with Surfactants and in Viscous 
preparations. These include polar inorganic Solids, Such as 
heavy metal hydroxides, nons welling clayS. Such as bento 
nite, attapulgite, hectorite, kaolin, montmorillonite, colloidal 
aluminum Silicate and colloidal magnesium aluminum sili 
cate, pigments and nonpolar Solids Such as carbon or glyc 
eryl tristearate. 
0387. A large variety of non-emulsifying materials are 
also included in emulsion formulations and contribute to the 
properties of emulsions. These include fats, oils, waxes, 
fatty acids, fatty alcohols, fatty esters, humectants, hydro 
philic colloids, preservatives and antioxidants (Block, in 
Pharmaceutical DOSage Forms, Lieberman, Rieger and 
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., 
volume 1, p. 335; Idson, in Pharmaceutical Dosage Forms, 
Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, 
Inc., New York, N.Y., volume 1, p. 199). 
0388 Hydrophilic colloids or hydrocolloids include natu 
rally occurring gums and Synthetic polymerS Such as 
polysaccharides (for example, acacia, agar, alginic acid, 
carrageenan, guar gum, karayagum, and tragacanth), cellu 
lose derivatives (for example, carboxymethylcellulose and 
carboxypropylcellulose), and Synthetic polymers (for 
example, carbomers, cellulose ethers, and carboxyvinyl 
polymers). These disperse or swell in water to form colloidal 
Solutions that Stabilize emulsions by forming Strong inter 
facial films around the dispersed-phase droplets and by 
increasing the Viscosity of the external phase. 

0389. Since emulsions often contain a number of ingre 
dients Such as carbohydrates, proteins, Sterols and phos 
phatides that may readily Support the growth of microbes, 
these formulations often incorporate preservatives. Com 
monly used preservatives included in emulsion formulations 
include methyl paraben, propyl paraben, quaternary ammo 
nium Salts, benzalkonium chloride, esters of p-hydroxyben 
Zoic acid, and boric acid. Antioxidants are also commonly 
added to emulsion formulations to prevent deterioration of 
the formulation. Antioxidants used may be free radical 
ScavengerS Such as tocopherols, alkyl gallates, butylated 
hydroxyanisole, butylated hydroxytoluene, or reducing 
agents Such as ascorbic acid and Sodium metabisulfite, and 
antioxidant Synergists Such as citric acid, tartaric acid, and 
lecithin. 

0390 The application of emulsion formulations via der 
matological, oral and parenteral routes and methods for their 
manufacture have been reviewed in the literature (Idson, in 
Pharmaceutical DOSage Forms, Lieberman, Rieger and 
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., 
volume 1, p. 199). Emulsion formulations for oral delivery 
have been very widely used because of reasons of ease of 
formulation, efficacy from an absorption and bioavailability 
standpoint. (Rosoff, in Pharmaceutical Dosage Forms, Lie 

27 
Jan. 22, 2004 

berman, Rieger and Banker (Eds.), 1988, Marcel Dekker, 
Inc., New York, N.Y., volume 1, p. 245; Idson, in Pharma 
ceutical DOSage Forms, Lieberman, Rieger and Banker 
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 
1, p. 199). Mineral-oil base laxatives, oil-soluble vitamins 
and high fat nutritive preparations are among the materials 
that have commonly been administered. orally as O/W emul 
SOS. 

0391) In one embodiment of the present invention, the 
compositions of oligonucleotides and nucleic acids are for 
mulated as microemulsions. A microemulsion may be 
defined as a System of water, oil and amphiphile that is a 
Single optically isotropic and thermodynamically stable liq 
uid solution (Rosoff, in Pharmaceutical Dosage Forms, 
Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, 
Inc., New York, N.Y., volume 1, p. 245). Typically micro 
emulsions are Systems that are prepared by first dispersing 
an oil in an aqueous Surfactant Solution and then adding a 
Sufficient amount of a fourth component, generally an inter 
mediate chain-length alcohol to form a transparent System. 
Therefore, microemulsions have also been described as 
thermodynamically stable, isotropically clear dispersions of 
two immiscible liquids that are stabilized by interfacial films 
of Surface-active molecules (Leung and Shah, in: Controlled 
Release of Drugs. Polymers and Aggregate Systems, ROSoff, 
M., Ed., 1989, VCH Publishers, New York, pages 185-215). 
Microemulsions commonly are prepared via a combination 
of three to five components that include oil, water, Surfac 
tant, cosurfactant and electrolyte. Whether the microemul 
Sion is of the water-in-oil (w/o) or an oil-in-water (o/w) type 
is dependent on the properties of the oil and Surfactant used 
and on the Structure and geometric packing of the polar 
heads and hydrocarbon tails of the Surfactant molecules 
(Schott, in Remington's Pharmaceutical Sciences, Mack 
Publishing Co., Easton, Pa., 1985, p. 271). 
0392 The phenomenological approach utilizing phase 
diagrams has been extensively Studied and has yielded a 
comprehensive knowledge, to one skilled in the art, of how 
to formulate microemulsions (Rosoff, in Pharmaceutical 
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, 
Marcel Dekker, Inc., New York, N.Y., volume 1, p. 245; 
Block, in Pharmaceutical Dosage Forms, Lieberman, 
Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New 
York, N.Y., volume 1, p. 335). Compared to conventional 
emulsions, microemulsions offer the advantage of Solubiliz 
ing water-insoluble drugs in a formulation of thermody 
namically stable droplets that are formed Spontaneously. 
0393 Surfactants used in the preparation of microemul 
Sions include, but are not limited to, ionic Surfactants, 
non-ionic Surfactants, Brij96, polyoxyethylene oleyl ethers, 
polyglycerol fatty acid esters, tetraglycerol monolaurate 
(ML310), tetraglycerol monooleate (MO310), hexaglycerol 
monooleate (PO310), hexaglycerol pentaoleate (PO500), 
decaglycerol monocaprate (MCA750), decaglycerol 
monooleate (MO750), decaglycerol sequioleate (SO750), 
decaglycerol decaoleate (DAO750), alone or in combination 
with coSurfactants. The coSurfactant, usually a short-chain 
alcohol Such as ethanol, 1-propanol, and 1-butanol, Serves to 
increase the interfacial fluidity by penetrating into the Sur 
factant film and consequently creating a disordered film 
because of the Void Space generated among Surfactant mol 
ecules. Microemulsions may, however, be prepared without 
the use of coSurfactants and alcohol-free Self-emulsifying 
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microemulsion Systems are known in the art. The aqueous 
phase may typically be, but is not limited to, water, an 
acqueous solution of the drug, glycerol, PEG300, PEG400, 
polyglycerols, propylene glycols, and derivatives of ethyl 
ene glycol. The oil phase may include, but is not limited to, 
materials such as Captex 300, Captex 355, Capmul MCM, 
fatty acid esters, medium chain (C8-C12) mono, di, and 
tri-glycerides, polyoxyethylated glyceryl fatty acid esters, 
fatty alcohols, polyglycolized glycerides, Saturated polyg 
lycolized C8-C 10 glycerides, vegetable oils and Silicone oil. 

0394 Microemulsions are particularly of interest from 
the Standpoint of drug Solubilization and the enhanced 
absorption of drugs. Lipid based microemulsions (both O?w 
and w/o) have been proposed to enhance the oral bioavail 
ability of drugs, including peptides (Constantinides et al., 
Pharmaceutical Research, 1994, 11, 1385-1390; Ritschel, 
Meth. Find. Exp. Clin. Pharmacol., 1993, 13, 205). Micro 
emulsions afford advantages of improved drug Solubiliza 
tion, protection of drug from enzymatic hydrolysis, possible 
enhancement of drug absorption due to Surfactant-induced 
alterations in membrane fluidity and permeability, ease of 
preparation, ease of oral administration over Solid dosage 
forms, improved clinical potency, and decreased toxicity 
(Constantinides et al., Pharmaceutical Research, 1994, 11, 
1385; Ho et al., J. Pharm. Sci., 1996, 85, 138-143). Often 
microemulsions may form Spontaneously when their com 
ponents are brought together at ambient temperature. This 
may be particularly advantageous when formulating ther 
molabile drugs, peptides or oligonucleotides. Microemul 
Sions have also been effective in the transdermal delivery of 
active components in both cosmetic and pharmaceutical 
applications. It is expected that the microemulsion compo 
Sitions and formulations of the present invention will facili 
tate the increased Systemic absorption of oligonucleotides 
and nucleic acids from the gastrointestinal tract, as well as 
improve the local cellular uptake of oligonucleotides and 
nucleic acids within the gastrointestinal tract, vagina, buccal 
cavity and other areas of administration. 
0395 Microemulsions of the present invention may also 
contain additional components and additives Such as Sorbi 
tan monostearate (Grill 3), Labrasol, and penetration 
enhancers to improve the properties of the formulation and 
to enhance the absorption of the oligonucleotides and 
nucleic acids of the present invention. Penetration enhancers 
used in the microemulsions of the present invention may be 
classified as belonging to one of five broad categories 
Surfactants, fatty acids, bile Salts, chelating agents, and 
non-chelating non-Surfactants (Lee et al., Critical Reviews in 
Therapeutic Drug Carrier Systems, 1991, p. 92). Each of 
these classes has been discussed above. 

0396 There are many organized surfactant structures 
besides microemulsions that have been Studied and used for 
the formulation of drugs. These include monolayers, 
micelles, bilayerS and vesicles. Vesicles, Such as lipoSomes, 
have attracted great interest because of their specificity and 
the duration of action they offer from the standpoint of drug 
delivery. AS used in the present invention, the term "lipo 
Some” means a vesicle composed of amphiphilic lipids 
arranged in a spherical bilayer or bilayers. 

0397 Liposomes are unilamellar or multilamellar 
vesicles which have a membrane formed from a lipophilic 
material and an aqueous interior. The aqueous portion con 
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tains the composition to be delivered. Cationic liposomes 
possess the advantage of being able to fuse to the cell wall. 
Non-cationic liposomes, although not able to fuse as effi 
ciently with the cell wall, are taken up by macrophages in 
WVO. 

0398. In order to cross intact mammalian skin, lipid 
vesicles must pass through a Series of fine pores, each with 
a diameter less than 50 nm, under the influence of a Suitable 
transdermal gradient. Therefore, it is desirable to use a 
liposome that is highly deformable and able to pass through 
Such fine pores. 
0399 Further advantages of liposomes include; lipo 
Somes obtained from natural phospholipids are biocompat 
ible and biodegradable, liposomes can incorporate a wide 
range of water and lipid Soluble drugs, lipoSomes can protect 
encapsulated drugs in their internal compartments from 
metabolism and degradation (Rosoff, in Pharmaceutical 
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, 
Marcel Dekker, Inc., New York, N.Y., volume 1, p. 245). 
Important considerations in the preparation of liposome 
formulations are the lipid Surface charge, Vesicle size and the 
aqueous Volume of the liposomes. 
04.00 Liposomes are useful for the transfer and delivery 
of active ingredients to the Site of action. Because the 
liposomal membrane is structurally similar to biological 
membranes, when liposomes are applied to a tissue, the 
liposomes Start to merge with the cellular membranes. AS the 
merging of the lipoSome and cell progresses, the liposomal 
contents are emptied into the cell where the active agent may 
act. 

0401 Liposomal formulations have been the focus of 
extensive investigation as the mode of delivery for many 
drugs. There is growing evidence that for topical adminis 
tration, liposomes present Several advantages over other 
formulations. Such advantages include reduced Side-effects 
related to high Systemic absorption of the administered drug, 
increased accumulation of the administered drug at the 
desired target, and the ability to administer a wide variety of 
drugs, both hydrophilic and hydrophobic, into the skin. 
0402. Several reports have detailed the ability of lipo 
Somes to deliver agents including high-molecular weight 
DNA into the skin. Compounds including analgesics, anti 
bodies, hormones and high-molecular weight DNAS have 
been administered to the Skin. The majority of applications 
resulted in the targeting of the upper epidermis. 
0403 Liposomes fall into two broad classes. Cationic 
liposomes are positively charged liposomes that interact 
with the negatively charged DNA molecules to form a stable 
complex. The positively charged DNA/lipoSome complex 
binds to the negatively charged cell Surface and is internal 
ized in an endosome. Due to the acidic pH within the 
endoSome, the liposomes are ruptured, releasing their con 
tents into the cell cytoplasm (Wang et al., Biochem. BiophyS. 
Res. Commun., 1987, 147, 980-985). 
0404 Liposomes that are pH-sensitive or negatively 
charged entrap DNA rather than complex with it. Since both 
the DNA and the lipid are similarly charged, repulsion rather 
than complex formation occurs. Nevertheless, some DNA is 
entrapped within the aqueous interior of these lipoSomes. 
pH-sensitive liposomes have been used to deliver DNA 
encoding the thymidine kinase gene to cell monolayers in 
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culture. Expression of the exogenous gene was detected in 
the target cells (Zhou et al., Journal of Controlled Release, 
1992, 19, 269-274). 
04.05 One major type of liposomal composition includes 
phospholipids other than naturally derived phosphatidylcho 
line. Neutral liposome compositions, for example, can be 
formed from dimyristoyl phosphatidylcholine (DMPC) or 
dipalmitoyl phosphatidylcholine (DPPC). Anionic liposome 
compositions generally are formed from dimyristoyl phos 
phatidylglycerol, while anionic fusogenic liposomes are 
formed primarily from dioleoyl phosphatidylethanolamine 
(DOPE). Another type of liposomal composition is formed 
from phosphatidylcholine (PC) Such as, for example, Soy 
bean PC, and egg PC. Another type is formed from mixtures 
of phospholipid and/or phosphatidylcholine and/or choles 
terol. 

04.06) Several studies have assessed the topical delivery 
of liposomal drug formulations to the skin. Application of 
liposomes containing interferon to guinea pig Skin resulted 
in a reduction of skin herpes Sores while delivery of inter 
feron via other means (e.g. as a Solution or as an emulsion) 
were ineffective (Weiner et al., Journal of Drug Targeting, 
1992, 2, 405-410). Further, an additional study tested the 
efficacy of interferon administered as part of a liposomal 
formulation to the administration of interferon using an 
aqueous System, and concluded that the liposomal formula 
tion was Superior to acqueous administration (du Plessis et 
al., Antiviral Research, 1992, 18, 259-265). 
04.07 Non-ionic liposomal systems have also been exam 
ined to determine their utility in the delivery of drugs to the 
skin, in particular Systems comprising non-ionic Surfactant 
and cholesterol. Non-ionic liposomal formulations compris 
ing Novasome"M I (glyceryl dilaurate/cholesterol/polyoxy 
ethylene-10-stearyl ether) and Novasome"M II (glyceryl 
distearate/ cholesterol/polyoxyethylene-10-Stearyl ether) 
were used to deliver cyclosporin-A into the dermis of mouse 
skin. Results indicated that Such non-ionic liposomal Sys 
tems were effective in facilitating the deposition of 
cyclosporin-A into different layers of the skin (Hu et al. 
S.T.P.Pharma. Sci., 1994, 4, 6,466). 
0408 Liposomes also include “sterically stabilized' lipo 
Somes, a term, which as used herein, refers to liposomes 
comprising one or more Specialized lipids that, when incor 
porated into liposomes, result in enhanced circulation life 
times relative to liposomes lacking Such specialized lipids. 
Examples of Sterically Stabilized liposomes are those in 
which part of the vesicle-forming lipid portion of the lipo 
Some (A) comprises one or more glycolipids, Such as 
monosialoganglioside G, or (B) is derivatized with one or 
more hydrophilic polymers, Such as a polyethylene glycol 
(PEG) moiety. While not wishing to be bound by any 
particular theory, it is thought in the art that, at least for 
Sterically Stabilized liposomes containing gangliosides, Sph 
ingomyelin, or PEG-derivatized lipids, the enhanced circu 
lation half-life of these sterically stabilized liposomes 
derives from a reduced uptake into cells of the reticuloen 
dothelial system (RES) (Allen et al., FEBS Letters, 1987, 
223, 42; Wu et al., Cancer Research, 1993, 53, 3765). 
04.09 Various liposomes comprising one or more gly 
colipids are known in the art. Papahadjopoulos et al. (Ann. 
N.Y. Acad. Sci., 1987, 507, 64) reported the ability of 
monosialoganglioside GM, galactocerebroside Sulfate and 
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phosphatidylinositol to improve blood half-lives of lipo 
Somes. These findings were expounded upon by Gabizon et 
al. (Proc. Natl. Acad. Sci. U.S.A., 1988, 85,6949). U.S. Pat. 
No. 4,837,028 and WO 88/04924, both to Allen et al., 
disclose liposomes comprising (1) Sphingomyelin and (2) 
the ganglioside GM or a galactocerebroside Sulfate ester. 
U.S. Pat. No. 5,543,152 (Webb et al.) discloses liposomes 
comprising Sphingomyelin. Liposomes comprising 1,2-Sn 
dimyristoylphosphatidylcholine are disclosed in WO 
97/13499 (Lim et al.). 
0410 Many liposomes comprising lipids derivatized with 
one or more hydrophilic polymers, and methods of prepa 
ration thereof, are known in the art. Sunamoto et al. (Bull. 
Chem. Soc. Jpn., 1980, 53, 2778) described liposomes 
comprising a nonionic detergent, 2C15G, which contains 
a PEG moiety. Illum et al. (FEBS Lett., 1984, 167,79) noted 
that hydrophilic coating of polystyrene particles with poly 
meric glycols results in Significantly enhanced blood half 
lives. Synthetic phospholipids modified by the attachment of 
carboxylic groups of polyalkylene glycols (e.g., PEG) are 
described by Sears (U.S. Pat. Nos. 4,426,330 and 4,534, 
899). Klibanov et al. (FEBS Lett., 1990, 268,235) described 
experiments demonstrating that lipoSomes comprising phos 
phatidylethanolamine (PE) derivatized with PEG or PEG 
Stearate have significant increases in blood circulation half 
lives. Blume et al. (Biochimica et Biophysica Acta, 1990, 
1029,91) extended such observations to other PEG-deriva 
tized phospholipids, e.g., DSPE-PEG, formed from the 
combination of distearoylphosphatidylethanolamine 
(DSPE) and PEG. Liposomes having covalently bound PEG 
moieties on their external Surface are described in European 
Patent No. EPO 445 131 B1 and WO 90/04384 to Fisher. 
Liposome compositions containing 1-20 mole percent of PE 
derivatized with PEG, and methods of use thereof, are 
described by Woodle et al. (U.S. Pat. Nos. 5,013,556 and 
5,356,633) and Martin et al. (U.S. Pat. No. 5,213,804 and 
European Patent No. EP 0 496 813 B1). Liposomes com 
prising a number of other lipid-polymer conjugates are 
disclosed in WO 91/05545 and U.S. Pat. No. 5,225,212 
(both to Martin et al.) and in WO94/20073 (Zalipsky et al.) 
Liposomes comprising PEG-modified ceramide lipids are 
described in WO 96/10391 (Choi et al.). U.S. Pat. Nos. 
5,540,935 (Miyazaki et al.) and U.S. Pat. No. 5,556,948 
(Tagawa et al.) describe PEG-containing liposomes that can 
be further derivatized with functional moieties on their 
Surfaces. 

0411] A limited number of liposomes comprising nucleic 
acids are known in the art. WO 96/40062 to Thierry et al. 
discloses methods for encapsulating high molecular weight 
nucleic acids in liposomes. U.S. Pat. No. 5,264.221 to 
Tagawa et al. discloses protein-bonded liposomes and 
asserts that the contents of Such liposomes may include an 
antisense RNA. U.S. Pat. No. 5,665,710 to Rahman et al. 
describes certain methods of encapsulating oligodeoxy 
nucleotides in liposomes. WO 97/04787 to Love et al. 
discloses liposomes comprising antisense oligonucleotides 
targeted to the raf gene. 
0412 Transfersomes are yet another type of liposomes, 
and are highly deformable lipid aggregates which are attrac 
tive candidates for drug delivery vehicles. TransferSomes 
may be described as lipid droplets that are So highly deform 
able that they are easily able to penetrate through pores that 
are Smaller than the droplet. TransferSomes are adaptable to 
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the environment in which they are used, e.g. they are 
Self-optimizing (adaptive to the shape of pores in the skin), 
Self-repairing, frequently reach their targets without frag 
menting, and often Self-loading. To make transferSomes it is 
possible to add Surface edge-activators, usually Surfactants, 
to a Standard liposomal composition. TransferSomes have 
been used to deliver serum albumin to the skin. The trans 
fersome-mediated delivery of serum albumin has been 
shown to be as effective as Subcutaneous injection of a 
Solution containing Serum albumin. 
0413 Surfactants find wide application in formulations 
Such as emulsions (including microemulsions) and lipo 
Somes. The most common way of classifying and ranking 
the properties of the many different types of Surfactants, both 
natural and Synthetic, is by the use of the hydrophile/ 
lipophile balance (HLB). The nature of the hydrophilic 
group (also known as the “head') provides the most useful 
means for categorizing the different Surfactants used in 
formulations (Rieger, in Pharmaceutical Dosage Forms, 
Marcel Dekker, Inc., New York, NY, 1988, p. 285). 
0414. If the Surfactant molecule is not ionized, it is 
classified as a nonionic Surfactant. Nonionic Surfactants find 
wide application in pharmaceutical and cosmetic products 
and are usable over a wide range of pH values. In general 
their HLB values range from 2 to about 18 depending on 
their structure. Nonionic Surfactants include nonionic esters 
Such as ethylene glycol esters, propylene glycol esters, 
glyceryl esters, polyglyceryl esters, Sorbitan esters, Sucrose 
esters, and ethoxylated esters. Nonionic alkanolamides and 
ethers Such as fatty alcohol ethoxylates, propoxylated alco 
hols, and ethoxylated/propoxylated block polymers are also 
included in this class. The polyoxyethylene Surfactants are 
the most popular members of the nonionic Surfactant class. 
0415. If the surfactant molecule carries a negative charge 
when it is dissolved or dispersed in water, the Surfactant is 
classified as anionic. Anionic Surfactants include carboxy 
lates Such as Soaps, acyl lactylates, acyl amides of amino 
acids, esters of Sulfuric acid Such as alkyl Sulfates and 
ethoxylated alkyl Sulfates, Sulfonates Such as alkylbenzene 
Sulfonates, acyl isethionates, acyl taurates and SulfoSucci 
nates, and phosphates. The most important members of the 
anionic Surfactant class are the alkyl Sulfates and the Soaps. 
0416) If the surfactant molecule carries a positive charge 
when it is dissolved or dispersed in water, the Surfactant is 
classified as cationic. Cationic Surfactants include quater 
nary ammonium Salts and ethoxylated amines. The quater 
nary ammonium Salts are the most used members of this 
class. 

0417. If the surfactant molecule has the ability to carry 
either a positive or negative charge, the Surfactant is clas 
sified as amphoteric. Amphoteric Surfactants include acrylic 
acid derivatives, substituted alkylamides, N-alkylbetaines 
and phosphatides. 

0418. The use of surfactants in drug products, formula 
tions and in emulsions has been reviewed (Rieger, in Phar 
maceutical Dosage Forms, Marcel Dekker, Inc., New York, 
NY, 1988, p. 285). 
0419. In one embodiment, the present invention employs 
various penetration enhancers to affect the efficient delivery 
of nucleic acids, particularly oligonucleotides, to the skin of 
animals. Most drugs are present in Solution in both ionized 
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and nonionized forms. However, usually only lipid soluble 
or lipophilic drugs readily croSS cell membranes. It has been 
discovered that even non-lipophilic drugs may croSS cell 
membranes if the membrane to be crossed is treated with a 
penetration enhancer. In addition to aiding the diffusion of 
non-lipophilic drugs acroSS cell membranes, penetration 
enhancers also enhance the permeability of lipophilic drugs. 

0420 Penetration enhancers may be classified as belong 
ing to one of five broad categories, i.e., Surfactants, fatty 
acids, bile Salts, chelating agents, and non-chelating non 
surfactants (Lee et al., Critical Reviews in Therapeutic Drug 
Carrier Systems, 1991, p.92). Each of the above mentioned 
classes of penetration enhancers are described below in 
greater detail. 

0421. In connection with the present invention, surfac 
tants (or "Surface-active agents') are chemical entities 
which, when dissolved in an aqueous Solution, reduce the 
Surface tension of the Solution or the interfacial tension 
between the aqueous Solution and another liquid, with the 
result that absorption of oligonucleotides through the 
mucosa is enhanced. In addition to bile Salts and fatty acids, 
these penetration enhancers include, for example, Sodium 
lauryl Sulfate, polyoxyethylene-9-lauryl ether and polyoxy 
ethylene-20-cetyl ether) (Lee et al., Critical Reviews in 
Therapeutic Drug Carrier Systems, 1991, p. 92); and per 
fluorochemical emulsions, Such as FC-43. Takahashi et al., 
J. Pharm. Pharmacol., 1988, 40, 252). 
0422 Fatty acids: Various fatty acids and their deriva 
tives which act as penetration enhancers include, for 
example, oleic acid, lauric acid, capric acid (n-decanoic 
acid), myristic acid, palmitic acid, Stearic acid, linoleic acid, 
linolenic acid, dicaprate, tricaprate, monoolein (1-mo 
nooleoyl-rac-glycerol), dilaurin, caprylic acid, arachidonic 
acid, glycerol 1-monocaprate, 1-dodecylazacycloheptan-2- 
one, acylcarnitines, acylcholines, Co alkyl esters thereof 
(e.g., methyl, isopropyl and t-butyl), and mono- and di 
glycerides thereof (i.e., oleate, laurate, caprate, myristate, 
palmitate, Stearate, linoleate, etc.) (Lee et al., Critical 
Reviews in Therapeutic Drug Carrier Systems, 1991, p.92; 
Muranishi, Critical Reviews in Therapeutic Drug Carrier 
Systems, 1990, 7, 1-33; El Hariri et al., J. Pharm. Pharma 
col., 1992, 44, 651-654). 
0423. The physiological role of bile includes the facili 
tation of dispersion and absorption of lipids and fat-Soluble 
vitamins (Brunton, Chapter 38 in: Goodman & Gilman's 
The Pharmacological Basis of Therapeutics, 9th Ed., Hard 
man et al. Eds., McGraw-Hill, N.Y., 1996, pp. 934-935). 
Various natural bile Salts, and their Synthetic derivatives, act 
as penetration enhancers. Thus the term “bile salts' includes 
any of the naturally occurring components of bile as well as 
any of their synthetic derivatives. The bile salts of the 
invention include, for example, cholic acid (or its pharma 
ceutically acceptable Sodium Salt, Sodium cholate), dehy 
drocholic acid (Sodium dehydrocholate), deoxycholic acid 
(Sodium deoxycholate), glucholic acid (Sodium glucholate), 
glycholic acid (Sodium glycocholate), glycodeoxycholic 
acid (Sodium glycodeoxycholate), taurocholic acid (Sodium 
taurocholate), taurodeoxycholic acid (Sodium taurodeoxy 
cholate), chenodeoxycholic acid (Sodium chenodeoxycho 
late), ursodeoxycholic acid (UDCA), sodium tauro-24,25 
dihydro-fusidate (STDHF), sodium glycodihydrofusidate 
and polyoxyethylene-9-lauryl ether (POE) (Lee et al., Criti 
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cal Reviews in Therapeutic Drug Carrier Systems, 1991, 
page 92; Swinyard, Chapter 39 In: Remington's Pharma 
ceutical Sciences, 18th Ed., Gennaro, ed., Mack Publishing 
Co., Easton, Pa., 1990, pages 782-783; Muranishi, Critical 
Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 
1-33; Yamamoto et al., J. Pharm. Exp. Ther., 1992,263,25; 
Yamashita et al., J. Pharm. Sci., 1990, 79,579-583). 
0424 Chelating agents, as used in connection with the 
present invention, can be defined as compounds that remove 
metallic ions from Solution by forming complexes therewith, 
with the result that absorption of oligonucleotides through 
the mucosa is enhanced. With regards to their use as 
penetration enhancers in the present invention, chelating 
agents have the added advantage of also Serving as DNase 
inhibitors, as most characterized DNA nucleaseS require a 
divalent metal ion for catalysis and are thus inhibited by 
chelating agents (Jarrett, J. Chromatogr., 1993, 618, 315 
339). Chelating agents of the invention include but are not 
limited to disodium ethylenediaminetetraacetate (EDTA), 
citric acid, Salicylates (e.g., Sodium Salicylate, 5-methox 
ySalicylate and homoVanilate), N-acyl derivatives of col 
lagen, laureth-9 and N-amino acyl derivatives of beta 
diketones (enamines)(Lee et al., Critical Reviews in 
Therapeutic Drug Carrier Systems, 1991, page 92; Muran 
ishi, Critical Reviews in Therapeutic Drug Carrier Systems, 
1990, 7, 1-33; Buur et al., J. Control Rel., 1990, 14, 43-51). 
0425 AS used herein, non-chelating non-Surfactant pen 
etration enhancing compounds can be defined as compounds 
that demonstrate insignificant activity as chelating agents or 
as Surfactants but that nonetheless enhance absorption of 
oligonucleotides through the alimentary mucosa (Muranishi, 
Critical Reviews in Therapeutic Drug Carrier Systems, 
1990, 7, 1-33). This class of penetration enhancers include, 
for example, unsaturated cyclic ureas, 1-alkyl- and 1-alk 
enylazacyclo-alkanone derivatives (Lee et al., Critical 
Reviews in Therapeutic Drug Carrier Systems, 1991, page 
92); and non-steroidal anti-inflammatory agents Such as 
diclofenac Sodium, indomethacin and phenylbutaZone 
(Yamashita et al., J. Pharm. Pharmacol., 1987, 39, 621 
626). 
0426 Agents that enhance uptake of oligonucleotides at 
the cellular level may also be added to the pharmaceutical 
and other compositions of the present invention. For 
example, cationic lipids, Such as lipofectin (Junichi et al., 
U.S. Pat. No. 5,705,188), cationic glycerol derivatives, and 
polycationic molecules, Such as polylysine (Lolo et al., PCT 
Application WO97/30731), are also known to enhance the 
cellular uptake of oligonucleotides. 
0427 Other agents may be utilized to enhance the pen 
etration of the administered nucleic acids, including glycols 
Such as ethylene glycol and propylene glycol, pyrrols Such 
as 2-pyrrol, azones, and terpenes Such as limonene and 
menthone. 

0428 Certain compositions of the present invention also 
incorporate carrier compounds in the formulation. AS used 
herein, “carrier compound” or “carrier' can refer to a nucleic 
acid, or analog thereof, which is inert (i.e., does not possess 
biological activity perse) but is recognized as a nucleic acid 
by in vivo processes that reduce the bioavailability of a 
nucleic acid having biological activity by, for example, 
degrading the biologically active nucleic acid or promoting 
its removal from circulation. The coadministration of a 
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nucleic acid and a carrier compound, typically with an 
excess of the latter Substance, can result in a Substantial 
reduction of the amount of nucleic acid recovered in the 
liver, kidney or other extracirculatory reservoirs, presum 
ably due to competition between the carrier compound and 
the nucleic acid for a common receptor. For example, the 
recovery of a partially phosphorothioate oligonucleotide in 
hepatic tissue can be reduced when it is coadministered with 
polyinosinic acid, dextran Sulfate, polycytidic acid or 4-ac 
etamido-4'isothiocyano-stilbene-2,2'-disulfonic acid (Miyao 
et al., Antisense ReS. Dev., 1995, 5, 115-121; Takakura et al., 
Antisense & Nucl. Acid Drug Dev., 1996, 6, 177-183). 
0429. In contrast to a carrier compound, a “pharmaceu 
tical carrier' or “excipient' is a pharmaceutically acceptable 
Solvent, Suspending agent or any other pharmacologically 
inert vehicle for delivering one or more nucleic acids to an 
animal. The excipient may be liquid or Solid and is Selected, 
with the planned manner of administration in mind, So as to 
provide for the desired bulk, consistency, etc., when com 
bined with a nucleic acid and the other components of a 
given pharmaceutical composition. Typical pharmaceutical 
carriers include, but are not limited to, binding agents (e.g., 
pregelatinized maize Starch, polyvinylpyrrollidone or 
hydroxypropyl methylcellulose, etc.); fillers (e.g., lactose 
and other Sugars, microcrystalline cellulose, pectin, gelatin, 
calcium Sulfate, ethyl cellulose, polyacrylates or calcium 
hydrogen phosphate, etc.), lubricants (e.g., magnesium 
Stearate, talc, Silica, colloidal Silicon dioxide, Stearic acid, 
metallic Stearates, hydrogenated vegetable oils, corn Starch, 
polyethylene glycols, Sodium benzoate, Sodium acetate, 
etc.); disintegrants (e.g., Starch, Sodium Starch glycolate, 
etc.); and Wetting agents (e.g., Sodium lauryl Sulphate, etc.). 
0430 Pharmaceutically acceptable organic or inorganic 
excipient Suitable for non-parenteral administration that do 
not deleteriously react with nucleic acids can also be used to 
formulate the compositions of the present invention. Suit 
able pharmaceutically acceptable carriers include, but are 
not limited to, water, Salt Solutions, alcohols, polyethylene 
glycols, gelatin, lactose, amylose, magnesium Stearate, talc, 
Silicic acid, Viscous paraffin, hydroxymethylcellulose, poly 
vinylpyrrolidone and the like. 
0431. Formulations for topical administration of nucleic 
acids may include Sterile and non-Sterile aqueous Solutions, 
non-aqueous Solutions in common Solvents Such as. alco 
hols, or Solutions of the nucleic acids in liquid or Solid oil 
bases. The Solutions may also contain buffers, diluents and 
other suitable additives. Pharmaceutically acceptable 
organic or inorganic excipients Suitable for non-parenteral 
administration that do not deleteriously react with nucleic 
acids can be used. 

0432 Suitable pharmaceutically acceptable excipients 
include, but are not limited to, water, Salt Solutions, alcohol, 
polyethylene glycols, gelatin, lactose, amylose, magnesium 
Stearate, talc, Silicic acid, Viscous paraffin, hydroxymethyl 
cellulose, polyvinylpyrrollidone and the like. 
0433. The compositions of the present invention may 
additionally contain other adjunct components convention 
ally found in pharmaceutical compositions, at their art 
established usage levels. Thus, for example, the composi 
tions may contain additional, compatible, pharmaceutically 
active materials. Such as, for example, antipruritics, 
astringents, local anesthetics or anti-inflammatory agents, or 
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may contain additional materials useful in physically for 
mulating various dosage forms of the compositions of the 
present invention, Such as dyes, flavoring agents, preserva 
tives, antioxidants, opacifiers, thickening agents and Stabi 
lizers. However, Such materials, when added, should not 
unduly interfere with the biological activities of the com 
ponents of the compositions of the present invention. The 
formulations can be Sterilized and, if desired, mixed with 
auxiliary agents, e.g., lubricants, preservatives, Stabilizers, 
wetting agents, emulsifiers, Salts for influencing OSmotic 
preSSure, buffers, colorings, flavorings and/or aromatic Sub 
stances and the like which do not deleteriously interact with 
the nucleic acid(s) of the formulation. 
0434 Aqueous Suspensions may contain Substances that 
increase the Viscosity of the Suspension including, for 
example, Sodium carboxymethylcellulose, Sorbitol and/or 
dextran. The Suspension may also contain Stabilizers. 
0435 Certain embodiments of the invention provide 
pharmaceutical compositions containing (a) one or more 
antisense compounds and (b) one or more other chemothera 
peutic agents which function by a non-antisense mechanism. 
Examples of Such chemotherapeutic agents include but are 
not limited to daunorubicin, daunomycin, dactinomycin, 
doxorubicin, epirubicin, idarubicin, eSorubicin, bleomycin, 
mafosfamide, ifosfamide, cytosine arabinoside, bis-chloro 
ethylnitroSurea, buSulfan, mitomycin C, actinomycin D, 
mithramycin, prednisone, hydroxyprogesterone, testoster 
one, tamoxifen, dacarbazine, procarbazine, hexameth 
ylmelamine, pentamethylmelamine, mitoxantrone, amsa 
crine, chlorambucil, methylcyclohexylnitroSurea, nitrogen 
mustards, melphalan, cyclophosphamide, 6-mercaptopurine, 
6-thioguanine, cytarabine, 5-azacytidine, hydroxyurea, 
deoxycoformycin, 4-hydroxyperoxycyclophosphoramide, 
5-fluorouracil (5-FU), 5-fluorodeoxyuridine (5-FUdR), 
methotrexate (MTX), colchicine, taxol, Vincristine, vinblas 
tine, etoposide (VP-16), trimetrexate, irinotecan, topotecan, 
gemcitabine, teniposide, cisplatin and diethylstilbestrol 
(DES). See, generally, The Merck Manual of Diagnosis and 
Therapy, 15th Ed. 1987, pp. 1206-1228, Berkow et al., eds., 
Rahway, N.J. When used with the compounds of the inven 
tion, Such chemotherapeutic agents may be used individu 
ally (e.g., 5-FU and oligonucleotide), Sequentially (e.g., 
5-FU and oligonucleotide for a period of time followed by 
MTX and oligonucleotide), or in combination with one or 
more other Such chemotherapeutic agents (e.g., 5-FU, MTX 
and oligonucleotide, or 5-FU, radiotherapy and oligonucle 
otide). Anti-inflammatory drugs, including but not limited to 
nonsteroidal anti-inflammatory drugs and corticosteroids, 
and antiviral drugs, including but not limited to ribivirin, 
Vidarabine, acyclovir and ganciclovir, may also be combined 
in compositions of the invention. See, generally, The Merck 
Manual of Diagnosis and Therapy, 15th Ed., Berkow et al., 
eds., 1987, Rahway, N.J., pages 2499-2506 and 46-49, 
respectively). Other non-antisense chemotherapeutic agents 
are also within the scope of this invention. Two or more 
combined compounds may be used together or Sequentially. 
0436. In another related embodiment, compositions of 
the invention may contain one or more antisense com 
pounds, particularly oligonucleotides, targeted to a first 
nucleic acid and one or more additional antisense com 
pounds targeted to a Second nucleic acid target. Numerous 
examples of antisense compounds are known in the art. Two 
or more combined compounds may be used together or 
Sequentially. 
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0437. The formulation of therapeutic compositions and 
their subsequent administration is believed to be within the 
skill of those in the art. Dosing is dependent on Severity and 
responsiveness of the disease State to be treated, with the 
course of treatment lasting from Several days to Several 
months, or until a cure is effected or a diminution of the 
disease State is achieved. Optimal dosing Schedules can be 
calculated from measurements of drug accumulation in the 
body of the patient. Persons of ordinary skill can easily 
determine optimum dosages, dosing methodologies and 
repetition rates. Optimum dosages may vary depending on 
the relative potency of individual oligonucleotides, and can 
generally be estimated based on ECsoS found to be effective 
in in vitro and in Vivo animal models. In general, dosage is 
from 0.01 ug to 100 g per kg of body weight, and may be 
given once or more daily, weekly, monthly or yearly, or even 
once every 2 to 20 years. Persons of ordinary skill in the art 
can easily estimate repetition rates for dosing based on 
measured residence times and concentrations of the drug in 
bodily fluids or tissues. Following Successful treatment, it 
may be desirable to have the patient undergo maintenance 
therapy to prevent the recurrence of the disease State, 
wherein the oligonucleotide is administered in maintenance 
doses, ranging from 0.01 ug to 100g per kg of body weight, 
once or more daily, to once every 20 years. 
0438 While the present invention has been described 
with Specificity in accordance with certain of its preferred 
embodiments, the following examples Serve only to illus 
trate the invention and are not intended to limit the same. 

0439. As will be recognized, the steps of certain pro 
cesses of the present invention need not be performed any 
particular number of times or in any particular Sequence. 
Additional objects, advantages, and novel features of this 
invention will become apparent to those skilled in the art 
upon examination of the following Synthetic teachings and 
working examples which are intended to be illustrative of 
the present invention, and not limiting thereof. 

EXAMPLES 

0440 Representative Modified Nucleoside Preparation 
0441 Modified nucleoside units for incorporation in to 
oligonucleotides of the present invention can be prepared 
following synthetic methodologies well-established in the 
practice of nucleoside and nucleotide chemistry. Reference 
is made to the following text for a description of Synthetic 
methods in nucleoside and nucleotide chemistry, which is 
incorporated by reference herein in its entirety: “Chemistry 
of Nucleosides and Nucleotides,” L. B. Townsend, ed., Vols. 
1-3, Plenum Press, 1988. 
0442 A representative general method for the prepara 
tion of modified nucleosides units of use in oligonucleotides 
of the present invention is outlined in Scheme 1 below. This 
Scheme illustrates the Synthesis of nucleosides of Structural 
formula 1-7 wherein the furanose ring has the B-D-ribo 
configuration. The Starting material is a 3,5-bis-O-protected 
alkyl furanoside, Such as methyl furanoside, of Structural 
formula 1-1. The C-2 hydroxyl group is then oxidized with 
a Suitable oxidizing agent, Such as a chromium trioxide or 
chromate reagent or DeSS-Martin periodinane, to afford a 
C-2 ketone of structural formula 1-2. Addition of a Grignard 
reagent, Such as an alkyl, alkenyl, or alkynyl magnesium 
halide (for example, MeMgBr, EtMgBr, vinylMgBr, 
allylMgBr, and ethynylMgBr) across the carbonyl double 
bond of 1-2 in a Suitable organic Solvent, Such as tetrahy 
drofuran, diethyl ether, and the like, affords the C-2 tertiary 
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alcohol of Structural formula 1-3. A good leaving group 
(such as Cl, Br, and I) is next introduced at the C-1 
(anomeric) position of the furanoid Sugar derivative by 
treatment of the furanoside of formula 1-3 with a hydrogen 
halide in a Suitable organic Solvent, Such as hydrogen 
bromide in acetic acid, to afford the intermediate furanosyl 
halide 1-4. A C-1 Sulfonate, Such methaneSulfonate 
(MeSOO-), trifluoromethanesulfonate (CFSOO-), or 
p-toluenesulfonate (-OTs), may also serve as a useful 
leaving group in the Subsequent reaction to generate the 
glycosidic (nucleosidic) linkage. The nucleosidic linkage is 
constructed by treatment of the intermediate of Structural 
formula 1-4 with the metal Salt (such as lithium, Sodium, or 
potassium) of an appropriately Substituted 1H-pyrazolo.4, 
5-dpyrimidine 1-5, Such as an appropriately Substituted 
4-halo-1H-pyrazolo 4,5-dipyrimidine, which can be gener 
ated in situ by treatment with an alkali hydride (Such as 
Sodium hydride), an alkali hydroxide (Such as potassium 
hydroxide), an alkali carbonate (such as potassium carbon 
ate), or an alkali hexamethyldisilazide (such as NaHMDS) 
in a Suitable anhydrous organic Solvent, Such as acetonitrile, 
tetrahydrofuran, diethyl ether, or N,N-dimethylformamide 
(DMF). The displacement reaction can be catalyzed by using 
a phase-transfer catalyst, Such as TDA-1 or triethylbenzy 
lammonium chloride, in a two-phase System (Solid-liquid or 
liquid-liquid). The optional protecting groups in the pro 
tected nucleoside of Structural formula 1-6 are then cleaved 
following established deprotection methodologies, Such as 
those described in T. W. Greene and P. G. M. Wuts, “Pro 
tective Groups in Organic Synthesis,” 3rd ed., John Wiley & 
Sons, 1999. Optional introduction of an amino group at the 
4-position of the pyrazolo 4,5-dpyrimidine nucleus is 
effected by treatment of the 4-halo intermediate 1-6 with the 
appropriate amine, Such as alcoholic ammonia or liquid 
ammonia, to generate a primary amine at the C4 position 
(-NH), an alkylamine to generate a secondary amine 
(-NHR), or a dialkylamine to generate a tertiary amine 
(-NRR"). A 7H-pyrazolo 4,5-dipyrimidin-4(3H)one com 
pound may be derived by hydrolysis of 1-6 with aqueous 
base, Such as aqueous Sodium hydroxide. Alcoholysis (Such 
as methanolysis) of 1-6 affords a C-4 alkoxide (-OR), 
whereas treatment with an alkyl mercaptide affords a C-4 
alkylthio (-SR) derivative. Subsequent chemical manipu 
lations well-known to practitioners of ordinary skill in the 
art of organic/medicinal chemistry may be required to attain 
the desired compounds of the present invention. 

Pg = protecting group 
Y = lower alkyl 

1-2 
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-continued 
O 

PgO OY HX 
--- 

Yi X = Cl, Br, or I 
Pgo OH 

1-3 

Y5 X 

/N1SN 

1. remove Pg 
Her 

als 2. optional 
14 displacement of X 

with Y 

0443) In the examples below all temperatures are degrees 
Celsius unless otherwise noted. 

Example 1 

0444 3'-Deoxyguanosine 

OH 

0445. This compound was prepared following the proce 
dures described in Nucleosides Nucleotides, 13: 1049 
(1994). 
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Example 2 
0446. 3'-Deoxy-3'-fluoroguanosine 

0447 This compound was prepared following the proce 
dures described in J. Med. Chem. 34: 2195 (1991). 

Example 3 
0448 8-Azidoguanosine 

0449 This compound was prepared following the proce 
dures described in Chem. Pharm. Bull.16:1616 (1968). 

Example 4 
0450 8-Bromoguanosine 

0451. This compound was obtained from commercial 
SOUCCS. 

Example 5 
0452 2'-O-Methylguanosine 

0453 This compound was obtained from commercial 
SOUCCS. 
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Example 6 

0454) 3'-Deoxy-3'-(fluoromethyl)guanosine 

0455 To a solution of 1,2-O-diacetyl-5-O-(p-toluoyl)-3- 
deoxy-3-(fluoromethyl)-D-ribofuranose (257 mg, 0.7 mmol) 
prepared by a similar method as that described for the 
corresponding 5-O-benzyl derivative in J Med. Chem. 36: 
353 (1993) and N-acetyl-O-(diphenylcarbamoyl)guanine 
(554 mg, 1.43 mmol) in anhydrous acetonitrile (6.3 mL) was 
added bis(trimethylsilyl)acetamide (BSA) (1.03 g, 5 mmol). 
The reaction mixture was stirred at reflux for 30 minutes, 
and the bath was removed. The reaction mixture was cooled 
in an ice bath and TMS-triflate (288 mg, 1.3 mmol) was 
added with Stirring. After addition was complete, the reac 
tion was heated at reflux for 2 hr., the reaction mixture was 
poured onto ice and extracted with chloroform (5x10 mL). 
The combined organic layers were washed with aqueous 
Saturated Sodium bicarbonate, brine and dried over anhy 
drous NaSO. The solvent was removed under reduced 
preSSure and the residue chromatographed over Silica gel 
using 5% acetone/CHCl as the eluant to furnish the fully 
protected corresponding nucleoside derivative. This was 
dissolved in 1,4-dioxane (1.5 mL) to which was added 40% 
MeNH2/H2O (1.3 g, 17 mmol). The reaction mixture was 
Stirred for 1 day, evaporated and the residue crystallized with 
ether/MeOH to provide the title compound (58 mg). "H 
NMR (DMSO-d): O2.76-2.67 (m, 1H); 3.55-3.50 (m, 1H), 
2.76-2.67 (m, 1H); 3.71-3.66 (m, 1H), 408-4.04 (m, 1H), 
4.77-4.50 (m,3H), 5.06 (t, 1H, J=5.3 Hz), 5.69 (d. 1H, J-34 
Hz), 5.86 (d. 1H, J=5.1 Hz), 6.45 (bs, 2H), 7.97 (s, 1H), 
10.59 (s, 1H). 'F NMR (DMSO-d): O-221.46 (m, F). 

Example 7 

0456 2-Amino-3,4-dihydro4-oxo-7-(D-D-ribofurano 
syl)-7H-pyrrolo2,3-dipyrimidin-5-carboxamide 

HNOC 

0457. This compound was prepared following the proce 
dures described in Tetrahedron. Lett. 25: 4793 (1983). 
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Example 8 
0458 2-Amino-3,4-dihydro-4-oxo-7-(D-D-ribofurano 
syl)-7H-pyrrolo2,3-dipyrimidin-5-carbonitrile 

NC 

0459. This compound was prepared following the proce 
dures described in J. Am. Chem. Soc. 98: 7870 (1976). 

Example 9 

0460) 2-Amino-5-ethyl-7-( 
rolo2,3-dipyrimidin-4(3H)-one 

-D-ribofuranosyl)-7H-pyr 

Et 

0461 Step A: 2-Amino-7-(5-O-tert-butyldimethylsilyl-2, 
3-O-isopropylidene-O-D-ribofuranosyl)-4-chloro-5-ethyl 
7H-pyrrolo2,3-dipyrimidine 
0462) To a stirred suspension of 2-amino-4-chloro-5- 
ethyl-1H-pyrrolo2,3-dpyrimidine described in EP866070 
(1998) (1.57 g., 8 mmol) in dry MeCN (48 mL) was added 
NaH (60% in mineral oil; 0.32 g, 8 mmol), and the mixture 
was stirred at room temperature for 1 h. A Solution of 
5-O-tert-butyldimethylsilyl-2,3-O-isopropylidene-O-D-ri 
bofuranosyl chloride generated in situ from the correspond 
ing lactol (1.95 g, 6.4 mmol) according to Wilcox et al., 
Tetrahedron Lett., 27: 1011 (1986) in dry THF (9.6 mL) was 
added at room temperature, and the mixture was stirred 
overnight, then evaporated to dryneSS. The residue was 
suspended in water (100 mL) and extracted with EtOAc 
(200+150 mL). The combined extracts were washed with 
brine, dried (NaSO) and evaporated. The residue was 
purified on a Silica gel column using a Solvent System of 
hexaneS/EtOAc: 7/1. Appropriate fractions were collected 
and evaporated to dryness to give the title compound (1.4 g) 
as a colorless foam. 

0463 Step B: 2-Amino-4-chloro-5-ethyl-7-( 
furanosyl)-7H-pyrrolo2,3-dpyrimidine 
0464) A mixture of the compound from Step A (1.19 g, 
2.5 mmol) in MeOH (100 mL) and water (50 mL) was 
stirred with DOWEX H" (to adjust pH of the mixture to 5) 
at room temperature for 2.5 h. The mixture was filtered and 

-D-ribo 

35 
Jan. 22, 2004 

the resin thoroughly washed with MeOH. The combined 
filtrate and washings were evaporated and the residue 
coevaporated several times with water to yield the title 
compound (0.53 g) as a white Solid. 
0465 Step C: 2-Amino-5-ethyl-7-( 
7H-pyrrolo2,3-dipyrimidin-4(3H)-one 
0466 A mixture of the compound from Step B (104 mg, 
0.32 mmol) in 2N aqueous NaOH (10 mL) was stirred at 
reflux temperature for 15 min. The solution was cooled in ice 
bath, neutralized with 2 Naqueous HCl, and evaporated to 
dryness. The residue was suspended in MeOH, mixed with 
Silica gel, and evaporated. The Solid residue was placed onto 
a silica gel column (packed in a Solvent mixture of 
CHClMeOH: 10/1) which was eluted with a solvent 
system of CH-Cl/MeOH: 10/1 and 5/1. The fractions 
containing the product were collected and evaporated to 
dryness to yield the title compound (48 mg) as a white Solid. 
0467 H NMR (CDOD): O 1.22 (t, 3H), 2.69 (q, 2H), 
3.69, 3.80 (2m, 2H), 4.00 (m, 1H), 4.22 (m, 1H), 4.45 (t, 
1H), 5.86 (d. 1H, J=6.0 Hz), 6.60 (d. 1H, J=1.2 Hz). 

-D-ribofuranosyl)- 

Example 10 

0468 2-Amino-7-(3-deoxy 
rolo2,3-dipyrimidin-4(3H)-one 

-D-ribofuranosyl)-7H-pyr 

OH 

0469 Step A: 2-Amino-7-(2,3-anhydro 
syl)-4-methoxy-7H-pyrrolo2,3-dipyrimidine 
0470 To a mixture of 2-amino-7-(D-D-ribofuranosyl)-4- 
chloro-7H-pyrrolo2,3-dipyrimidine (1.8 g., 6.0 mmol) in 
acetonitrile (80 mL) were added a solution of H2O/CHCN 
(1:9, 1.08 mL) and then O-acetoxyisobutyryl bromide (3.5 
mL, 24 mmol). After 2 h Stirring at room temperature, 
saturated aqueous NaHCO (170 mL) was added and the 
mixture was extracted with EtOAc (300+200 mL). The 
combined organic phase was washed with brine (100 mL), 
dried (NaSO) and evaporated to a pale yellow foamy 
residue. This was suspended in anhydrous MeOH (80 mL) 
and stirred overnight with 25 mL of DOWEX OH resin 
(previously washed with anhydrous MeOH). The resin was 
filtered, washed thoroughly with MeOH and the combined 
filtrate evaporated to give a pale yellow foam (1.92 g). 
0471) Step B: 2-Amino-7-(3-deoxy-D-D-ribofuranosyl)- 
4-methoxy-7H-pyrrolo2,3-dpyrimidine 

0472. A solution of LiEtBH/THF (1M, 75 mL, 75 mmol) 
was added dropwise to a cold (ice bath) deoxygenated (Ar, 
15 min) solution of the compound from Step A (1.92 g) 
under Ar. Stirring at 0° C. was continued for 4 h. At this 
point the reaction mixture was acidified with 5% aqueous 
acetic acid (110 mL), then purged with Ar for 1 h and and 

-D-ribofurano 
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finally evaporated to a Solid residue. Purification on a Silica 
gel column using MeOH/CH2Cl as eluent yielded target 
compound as a colourless foam (1.01 g). 
0473 Step C: 2-Amino-7-(3-deoxy-D-D-ribofuranosyl)- 
7H-pyrrolo2,3-dipyrimidine-4(3H)-one 
0474. A mixture of compound from Step B (0.4g, 1.4 
mmol) in 2 Naqueous NaOH (40 mL) was stirred at reflux 
temperature for 3 h. The solution was cooled in ice bath, 
neutralized with 2 Naqueous HCl and evaporated to dry 
ness. The residue was suspended in MeOH, mixed with 
Silica and evaporated. The residue was placed onto a Silica 
gel column which was eluted with CHCl2/MeOH: 10/1 and 
5/1 to give the title compound as white solid (0.3 g). 
0475 H NMR (DMSO-d): 81.85, 2.12 (2m, 2H), 3.55, 
3.46 (2dd, 2H), 4.18 (m, 1H); 4.29 (m, 1H), 4.85 (7, 1H), 
5.42 (d. 1H) 5.82 (d. 1H, J=2.4 Hz), 6.19 (s. 2H), 6.23 (d. 
1H, J=3.6 Hz), 6.87 (d. 1H), 10.31 (s, 1H). 

Example 11 

0476) 2-Amino-7-(2-O-methyl-O-D-ribofuranosyl)-7H 
pyrrolo2,3-dipyrimidin-4(3H)-one 

0477 Step A: 2-Amino-4-chloro-7-(5-t-butyldimethylsi 
lyl-2,3-O-isopropylidene-O-D-ribofuranosyl)-7H-pyrrolo 
2,3-dpyrimidine 

0478 HMPT (10.65 ml, 55 mmol) was added portion 
wise over 30 min. to a solution of 5-O-tert-butyldimethyl 
silyl-2,3-O-isopropylidene-D-ribofuranose (13.3 g., 44 
mmol), dry THF (135 mL), CC1 (5.62 mL, 58 mmol) under 
N at -76. C. After 30 min., the temp. was raised to -20° C. 
In a separate flask, a Suspension of 2-amino-4-chloro-1H 
pyrrolo-2,3-d-pyrimidine (15g, 89 mmol) in CHCN (900 
mL) was treated at 15° C. with 60% NaH (3.60 g., 90 
mmol.). The reaction was stirred 30 min. whereupon the 
previous reaction mixture was cannulated with Vigorous 
Stirring. The reaction was stirred 16 hrs. and then concen 
trated in vacuo. The resulting Semisolid was added to 
ice/water/EtOAc and extracted with EtOAc (3x200 mL), 
dried NaSO, filtered and evaporated. The resulting oil was 
chromatographed on Silica gel (EtOAC/ Hexane 1/1) to 
afford the product as an oil (9.0 g). 
0479 Step B: 2-Amino4-chloro-7-(D-D-ribofuranosyl)- 
7H-pyrrolo2,3-dipyrimidine 

0480 A solution of the compound from Step A (5.76 g., 13 
mmol) in MeOH/HO(1200 mL/600 mL) and Dowex WX8 
400 (4.8 g) was stirred 16 hrs. at room temperature. The 
resin was filtered off and the filtrate evaporated to afford the 
title compound as a white Solid; yield 3.47 g. 
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0481 H NMR (DMSO-d): 83.56 (m, 2H), 3.86 (m, 
1H), 4.07 (m, 1H), 4.32 (m, 1H), 4.99 (t, 1H), 5.10 (d. 1H), 
5.30 (d. 1H), 6.00 (d. 1H), 6.38 (d. 1H), 6.71 (s br, 2H), 7.39 
(d. 1H). 
0482 Step C: 2-Amino-4-chloro-7-(2-O-methyl-O-D-ri 
bofuranosyl)-7H-pyrrolo2,3-dipyrimidine 
0483 Asolution of the compound from Step B (1.0 g, 3.3 
mmol) in dry DMF (100 mL) at 15° C. was treated with 60% 
NaH (0.14g, 3.5 mmol). After 30 min., iodomethane (47g, 
3.3 mmol) was added portionwise to the stirred solution. The 
reaction was Stirred at room temperature for 16 hrs. and then 
evaporated at a temperature below 40 C. The resulting solid 
was chromatographed on Silica gel to afford the product as 
a white solid; yield 0.81 g. 
0484 H NMR (DMSO-d): 83.25 (s, 3H), 3.54 (m, 2H), 
3.87(m, 1H), 4.07 (m, 1H), 4.22 (m, 1H), 5.01 (m, 1H), 5.16 
(d. 1H), 6.07 (d. 1H), 6.37 (d. 1H), 6.70 (s br, 2H), 7.40 (s, 
1H). Mass spectrum: m/z. 316 (M+1)". 
0485 Step D: 2-Amino-7-(2-O-methyl-O-D-ribofurano 
syl)-7H-pyrrolo2,3-dipyrimidin-4(3H)-one 
0486 A solution of the compound from Step C (80 mg, 
0.25 mmol) in NaOH/HO (1.6 g/20 ml) was heated at reflux 
for 7 hrs., whereupon the solution was adjusted with dilute 
HCl to a pH of 7 and then evaporated. Chromatography of 
the resulting solid on silica gel with EtOAc/MeOH 8/2 
afforded the product as a white Solid; yield 64 mg. 
0487 H NMR (DMSO-d): 83.25 (s, 3H), 3.52 (m, 2H) 
3.81 (m, 1H), 4.00 (m, 1H), 4.19 (m, 1H), 5.10 (s br, 2H), 
5.95 (d. 1H), 6.27 (d. 1H), 6.33 (s br, 2H), 6.95 (d. 1H), 
10.55 (s br, 1H). 

Example 12 

0488 2-Amino-5-methyl-7-(D-D-ribofuranosyl)-7H 
pyrrolo2,3-dipyrimidin4(3H)-one 

Me 

0489. This compound is described in Biochemistry, 33: 
2703 (1994) and was synthesized by the following proce 
dure: 

0490 Step A: 2-Amino-7-(5-O-tert-butyldimethylsilyl-2, 
3-O-isopropylidene-O-D-ribofuranosyl)-4-chloro-5-me 
thyl-7H-pyrrolo2,3-dpyrimidine 
0491 To a stirred suspension of 2-amino-4-chloro-5- 
methyl-1H-pyrrolo2,3-dipyrimidine (Liebigs Ann. Chem. 
1984, 4,708) (0.91 g, 5 mmol) in dry MeCN (30 ml) was 
added NaH (60% in mineral oil; 0.2 g, 5 mmol) and the 
mixture was stirred at room temperature for 0.5 h. A solution 
of 5-O-tert-butyldimethylsilyl-2,3-O-isopropylidene-O-D- 
ribofuranosyl chloride generated in Situ from the corre 
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sponding lactol (1.22 g, 4 mmol) according to Tetrahedron 
Lett. 27: 1011 (1986) in dry THF (6 mL) was added at room 
temperature, and the mixture was stirred overnight, then 
evaporated to dryneSS. The residue was Suspended in water 
(100 mL) and extracted with EtOAc (2x100 mL). The 
combined organic extracts were washed with brine, dried 
(Na2SO) and evaporated. The residue was purified on a 
Silica gel column using a Solvent System of hexaneS/EtOAc: 
7/1 and 5/1. Appropriate fractions were collected and evapo 
rated to dryness to give the title compound (0.7 g) as a 
colorless foam. 

0492 Step B: 2-Amino-4-chloro-5-methyl-7-( 
furanosyl)-7H-pyrrolo2,3-dpyrimidine 

-D-ribo 

0493 A mixture of the intermediate from Step A (0.67g, 
1.4 mmol) in MeOH (70 ml) and water (35 ml) was stirred 
with DOWEX H (to adjust pH of the mixture to 5) at room 
temperature for 4 h. The mixture was filtered and the resin 
thoroughly washed with MeOH. The combined filtrate and 
Washings were evaporated and the residue coevaporated 
several times with water to yield the title compound (0.37g) 
as a white Solid. 

0494 Step C. 2-Amino-5-methyl-7-( 
syl)-7H-pyrrolo2,3-dipyrimidin-4(3H)-one 

-D-ribofurano 

0495 A mixture of intermediate from Step B (100 mg, 
0.32 mmol) in 2N aqueous NaOH (20 mL) was stirred at 
reflux temperature for 1.5 h. The solution was cooled in ice 
bath, neutralized with 2 Naqueous HCl and evaporated to 
dryness. The residue was suspended in MeOH, mixed with 
Silica gel and evaporated. The Solid residue was placed onto 
a silica gel column (packed in a Solvent mixture of CH2Cl2/ 
MeOH: 10/1) which was eluted with a solvent system of 
CHCl2/MeOH: 10/1 and 5/1. The fractions containing the 
product were collected and evaporated to dryneSS to yield 
the title compound (90 mg) as a white solid. 

0496) "H NMR (DMSO-d): O2.15 (d, 3H), 3.47, 3.50 
(2m, 2H), 3.75 (m, 1H), 3.97 (m, 1H), 4.17 (m, 1H), 4.89 (t, 
1H), 4.96 (d. 1H), 5.14 (d. 1H), 5.80 (d. 1H, J=6.4 Hz), 6.14 
(s, 2H), 6.60 (q, 1H, J=1.2 Hz), 10.23 (s, 1H). 

Example 13 

0497 2-Amino-3,4-dihydro-4-oxo-7-(2-O-methyl-O-D- 
ribofuranosyl)-7H-pyrrolo2,3-dpyrimidine-5-carbonitrile 

NC 

0498 Step A: 2-Amino-4-chloro-7-O-D-ribofuranosyl 
7H-pyrrolo2,3-dipyrimidine-5-carbonitrile 

0499. This intermediate was prepared according to J. 
Chem. Soc. Perkin Trans. 1.2375 (1989). 
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0500 Step B: 2-Amino-4-chloro-7-3,5-O-(1,1,3,3-tet 
raisopropyldisiloxane-1,3-diyl)-D-D-ribofuranosyl-7H 
pyrrolo2,3-dipyrimidine-5-carbonitrile 

0501) To a solution of the compound from Step A (1.64 
g, 5.00 mmol) in DMF (30 mL) was added imidazole (0.681 
g, 10.0 mmol). The solution was cooled to 0° C. and 
1,3-dichloro-1,1,3,3-tetraisopropyldisiloxane (1.58 g, 5.00 
mmol) was added dropwise. The bath was removed and the 
Solution Stirred at room temperature for 30 minutes, evapo 
rated in vacuo to an oil, taken up in ethyl acetate (150 mL) 
and washed with Saturated aqueous Sodium bicarbonate (50 
mL) and with water (50 mL). The organic phase was dried 
over magnesium Sulfate, filtered and evaporated in vacuo. 
The residue was purified on Silica gel using ethyl acetate/ 
hexane (1:2) as eluent. Fractions containing the product 
were pooled and evaporated in vacuo to give the desired 
product (2.05 g) as a colorless foam. 

0502) H NMR (DMSO-d): D1.03 (m, 28H), 3.92 (m, 
1H), 4.01 (m, 1H), 4.12 (m, 1H), 4.24 (m, 2H), 5.67 (m, 1H), 
5.89 (s, 1H), 7.17 (bs, 2H), 8.04 (s, 1H). 
0503 Step C: 2-Amino-4-chloro-7-2-O-methyl-O-D-ri 
bofuranosyl-7H-pyrrolo2,3-dpyrimidine-5-carbonitrile 

0504) To a pre-cooled solution (0° C.) of the compound 
from Step B (1.70 g, 3.00 mmol) in DMF (30 mL) was added 
methyl iodide (426 mg, 3.00 mmol) and then NaH (60% in 
mineral oil) (120 mg, 3.00 mmol). The mixture was stirred 
at rt for 30 minutes and then poured into a stirred mixture of 
Saturated aqueous ammonium chloride (100 mL) and ethyl 
acetate (100 mL). The organic phase was washed with water 
(100 mL), dried over magnesium Sulfate, filtered and evapo 
rated in vacuo. The resulting oily residue was co-evaporated 
three times from acetonitrile (10 mL), taken up in THF (50 
mL) and tetrabutylammonium fluoride (1.1 mmol/g on 
silica) (4.45 g, 6.00 mmol) was added. The mixture was 
stirred for 30 minutes, filtered and the filtrate evaporated in 
vacuo. The crude product was purified on Silica using 
methanol/dichloromethane (7.93) as eluent. Fractions con 
taining the product were pooled and evaporated in vacuo to 
give the desired product (359 mg) as a colorless Solid. 

0505 H NMR (DMSO-d): O3.30 (s.3H), 3.56 (m, 2H) 
3.91 (m, 1H), 4.08 (m, 1H), 4.23 (m, 1H), 5.11 (m, 1H), 5.23 
(m, 1H), 7.06 (m, 1H), 7.16 (bs, 2H), 8.38 (s, 1H). 
0506 Step D: 2-Amino-3,4-dihydro-4-oxo-7-2-O-me 
thyl-O-D-ribofuranosyl-7H-pyrrolo2,3-dipyrimidine-5- 
carbonitrile 

0507 To a solution of the compound from Step D in 
DMF (5.0 mL) and dioxane (3.5 mL) was added syn 
pyridinealdoxime (336 mg, 2.75 mmol) and then tetrameth 
ylguanidine (288 mg, 2.50 mmol). The resulting Solution 
was Stirred overnight at rt, evaporated in vacuo and and 
co-evaporated three times from acetonitrile (20 mL). The 
oily residue was purified on Silica gel using methanol/ 
dichloromethane (7.93) as eluent. Fractions containing the 
product were pooled and evaporated in vacuo to give the 
desired product (103 mg) as a colorless Solid. 

0508 H NMR (DMSO-d): O3.30 (s.3H), 3.57 (m, 2H), 
3.86 (m, 1H), 4.00 (m, 1H), 4.21 (m, 1H), 5.07 (m, 1H), 5.17 
(m, 1H), 5.94 (m, 1H), 6.56 (bs, 2H), 7.93 (s, 1H), 10.82 (bs, 
1H). 
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Example 14 

0509 2-Amino-5-methyl-7-(2-OOmethyl-O-D-ribofura 
nosyl)-7H-pyrrolo2,3-dipyrimidin-4(3H)-one 

0510 Step A: 2-Amino-4-chloro-5-methyl-7-(2-O-me 
thyl-O-D-ribofuranosyl)-7H-pyrrolo2,3-d-pyrimidine 

0511 Into a solution of the compound from Example 12, 
Step B (188 mg, 0.6 mmol) in anhydrous DMF (6 mL) was 
added NaH (60% in mineral oil; 26 mg, 0.66 mmol). The 
mixture was stirred at room temperature for 0.5 h and then 
cooled. MeI (45 OL) was added at 0° C. and the reaction 
mixture allowed to warm to 15 C. in 5 h. Then the mixture 

was poured into ice-water (20 mL) and extracted with 
CHCl (100+50 mL). The combined organic extracts were 
washed with water (50 mL), brine (50 mL) and dried 
(Na2SO). The evaporated residue was purified on a silica 
gel column with a solvent system of CH2Cl2/MeOH:30/1. 
Appropriate fractions were pooled and evaporated to yield 
the title compound (50 mg) as a colorless glass. 

0512 Step B: 2-Amino-7-(2-O-methyl-O-D-ribofurano 
syl)-5-methyl-7H-pyrrolo2,3-dipyrimidin-4(3H)-one 

0513. A solution of the compound from Step A (50 mg, 
0.15 mmol) in 0.5M NaOMe/MeOH (4 mL) was stirred at 
reflux temperature for 1.5 h. The mixture was cooled, mixed 
with Silica gel and evaporated to dryneSS. The Silica gel was 
loaded onto a Silica gel column and eluted with a Solvent 
system of CH2Cl2/MeOH:30/1. The fractions containing the 
product were collected and evaporated to yield 2-amino-7- 
(2-O-methyl-O-D-ribofuranosyl)-4-methoxy-5-methyl-7H 
pyrrolo2,3-dipyrimidine (40 mg). This was mixed with 2 N 
aqueous NaOH (4 mL) and stirred at reflux temperature for 
10 h. The mixture was cooled in ice bath, neutralized with 
2 N aqueous HCl and evaporated. The solid residue was 
Suspended in MeOH, mixed with Silica gel and evaporated. 
The Silica gel was loaded onto a Silica gel column and eluted 
with a solvent system of CH2Cl2/MeOH: 5/1. Appropriate 
fractions were pooled and evaporated to give the title 
compound (40 mg) as a white Solid. 

0514) H NMR (DMSO-d): O2.18 (s, 3H), 3.26 (s, 3H), 
3.45, 3.52 (2m, 2H), 3.82 (m, 1H), 3.97 (dd, 1H), 4.20 (m, 
1H), 4.99 (t, 1H), 5.10 (d. 1H), 5.94 (d. 1H, J=7.0 Hz), 6.19 
(bs, 2H), 6.68 (s, 1H), 10.60 (br, 1H). 
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Example 15 
0515 2-Amino-7-(2-deoxy-2-fluoro-B-D-arabinofurano 
syl)-7H-pyrrolo2,3-dipyrimidin-4(3H)-one 

0516. This compound was prepared following the proce 
dures described in J. Med. Chem. 38: 3957 (1995). 

Example 16 
0517 2-Amino-7-(D-D-arabinofuranosyl)-7H-pyrrolo 
2,3-dipyrimidin-4(3H)-one 

O arry 
OH 

S 
HO 

0518. This compound was prepared following the proce 
dures described in J. Org. Chem. 47: 226 (1982). 

Example 17 
0519 2-Amino-7-(D-D-arabinofuranosyl)-3,4-dihydro 
4-oxo-7H-pyrrolo2,3-dpyrimidine-5-carbonitrile 

NC 

O ry 
OH 

s 
HO 

0520 Step A: 2-Amino-7-(D-D-arabinofuranosyl)4- 
chloro-7H-pyrrolo2,3-dipyrimidine-5-carbonitrile 
0521. This intermediate was prepared according to J. 
Chem. Soc. Perkin Trans. 1, 2375 (1989). 
0522 Step B: 2-Amino-7-(D-D-arabinofuranosyl)-3,4- 
dihydro-4-oxo-7H-pyrrolo2,3-dpyrimidine-5-carbonitrile 
0523 To a solution of the compound from Step A (163 
mg, 0.50 mmol) in DMF (5.0 mL) and dioxane (3.5 mL) was 
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added syn-pyridinealdoxime (336 mg, 2.75 mmol) and then 
tetramethylguanidine (288 mg, 2.50 mmol). The resulting 
Solution was Stirred overnight at rt, evaporated in vacuo and 
and co-evaporated three times from acetonitrile (20 mL). 
The oily residue was purified on Silica using methanol/ 
dichloromethane (1:4) as eluent. Fractions containing the 
product were pooled and evaporated in vacuo to give the 
desired product (72 mg) as a colorless Solid. 
0524) "H NMR (DMSO-d): O3.60 (m, 2H), 3.73 (m, 
1H), 4.01 (m, 2H), 5.06 (m, 1H), 5.48 (m, 2H), 6.12 (m, 1H), 
6.52 (bs, 2H), 7.70 (s, 1H), 10.75 (bs, 1H). 

Example 18 

0525 2-Amino-5-methyl-7-(D-D-arabinofuranosyl)-7H 
pyrrolo2,3-dipyrimidin-4(3H)-one 

O ry 
OH 

HO 

0526 Step A 2-Amino-7-(2,3,5-tri-O-benzyl-O-D-ara 
binofuranosyl)-4-chloro-5-methyl-7H-pyrrolo2,3-dpyri 
midine 

0527 To a solution of 1-O-p-nitrobenzyl-D-arabinofura 
nose (3.81 g, 6.70 mmol) in DCM was bubbled HBr until 
TLC (hexane/ethylacetate (2: 1)) showed complete reaction 
(about 30 min). The reation mixture was filtered and evapo 
rated in vacuo. The oily residue was taken up in acetonitrile 
(10 mL) and added to a vigorously stirred Suspension of 
2-amino4-chloro-5-methyl-7H-pyrrolo2,3-dpyrimidine 
(Liebigs Ann. Chem. (1984), 4, 708) (1.11 g, 6.00 mmol) 
KOH (1.12 g, 20.0 mmol) and tris(2-(2-methoxyethoxy 
)ethylamine (0.216 g., 0.67 mmol) in acetonitrile (80 mL). 
The resulting suspension was stirred at rt for 30 min, filtered 
and evaporated in vacuo. The crude product was purified on 
Silica using hexane/ethylacetate (3:1) as the eluent. Fractions 
containing the product were pooled and evaporated in vacuo 
to give the desired product (1.13 g) as a colorless foam. 
0528 Step B: 2-Amino-7-O-D-arabinofuranosyl-4- 
chloro-5-methyl-7H-pyrrolo2,3-dpyrimidine 

0529) To a precooled (-78° C) solution of the compound 
from Step A (0.99 g, 1.7 mmol) in dichloromethane (30 mL) 
was added borontrichloride (IM in dichloromethane) (17 
mL, 17.0 mmol) over a 10 min. The resulting solution was 
stirred at -78 C. for lh, allowed to warm to -15° C. and 
stirred for another 3h. The reaction was quenched by addi 
tion of methanol/dichloromethane (1:1) (15 mL), stirred at 
-15 C. for 30 min, and pH adjusted to 7.0 by addition of 
NHOH. The mixture was evaporated in vacuo and the 
resulting oil purified on Silica using methanol/dichlorome 
hane (1:9) as eluent. Fractions containing the product were 
pooled and evaporated in vacuo to give the desired product 
(257 mg) as a colorless foam. 
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0530 Step C:2-Amino-7-(D-D-arabinofuranosyl)-5-me 
thyl-7H-pyrrolo2,3-dpyrimidin-4(3H)-one 
0531) To the compound from Step B (157 mg, 0.50 
mmol) was added NaOH (2M, aqueous) (2 mL). The result 
ing Solution was stirred at relux for 1h, cooled and neutral 
ized by addition of HCl (2M, aqueous). The mixture was 
evaporated in vacuo and the crude product purified on Silica 
using methanol/dichloromehane (2:8) as eluent. Fractions 
containing the product were pooled and evaporated in vacuo 
to give the desired product (53 mg) as a colorless powder. 
0532) H NMR (DMSO-d): O2.13 (d. 3H), 3.58 (m, 
2H), 3.71 (m, 1H), 4.00 (m, 2H), 5.09 (m, 1H), 6.22 (bs, 2H), 
5.50 (m, 2H), 6.12 (m, 1H), 6.64 (s, 1H), 10.75 (bs, 1H). 

Example 19 

0533 2-Amino-7-(3-deoxy-3-fluoro-O-D-ribofurano 
syl)-7H-pyrrolo2,3-dipyrimidin-4(3H)-one 

0534) A solution 1-O-acetyl-2-O-benzyl-5-O-(p-toluoyl)- 
3-deoxy-3-fluoro-D-ribofuranose (410 mg, 1.01 mmol) (pre 
pared by a modified method described for Similar Sugar 
derivatives, Helv. Chim. Acta 82: 2052 (1999) and J. Med. 
Chem. 1991, 34, 2195) in anhydrous CHCl (1.5 mL) was 
cooled to -15°C. in a dry ice/CHCN bath. After cooling the 
reaction mixture for 10 min. under the argon atmosphere, 
33% HBr/AcOH (370 OL, 1.5 equiv.) was added slowly 
over 20 min keeping the bath temperature around -15 C. 
After the addition was complete, the reaction mixture was 
stirred at -10° C. for 1 hr. The solvent was removed under 
reduced pressure and the residue azeotroped with anhydrous 
toluene (5x10 mL). In a separate flask, 2-amino-4-chloro 
7H-pyrrolo2,3-dipyrimidine (210 mg, 1.2 mmol) was sus 
pended in anhydrous CHCN (10 mL) and cooled to -10°C. 
To this was added 60% NaH dispersion in oil (57 mg) in two 
portions, and the reaction mixture was stirred for 45 min. 
during which time the solid dissolved and the bath tempera 
ture rose to 0° C. The bath was removed and stirring was 
continued for about 20 additional min. It was cooled back to 
-10° C. and the bromo Sugar, prepared above, was taken up 
in anhydrous CHCN (1.5 mL) and added slowly to the 
anion of nucleobase. After the addition was complete, the 
reaction mixture was stirred for an additional 45 min allow 
ing the temperature of the reaction to rise to 0°C. The bath 
was removed and the reaction allowed to Stir at room 
temperature for 3 hr. Methanol was added carefully to the 
reaction mixture and the Separated Solid removed by filtra 
tion. The Solvent was removed under reduced pressure and 
the residual oil dissolved in EtOAc (50 mL) and washed 
with water (3x20mL). The organic layer was dried over 
NaSO and concentrated to give an oil. It was purified by 
column chromatography to furnish fully protected 2-amino 
7-(5-O-(p-toluoyl)-2-O-benzyl-3-deoxy-3-fluoro-O-D-ribo 
furanosyl)-4-chloro-7H-pyrrolo2,3-dipyrimidine (190 mg) 
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as an O/O mixture (1:1). After conversion of 4-chloro to 
4-oxo by heating the compound with 2N NaOH/dioxane 
mixture at 105 C. and after the usual workup the residue 
was debenzylated using 20 mol % w/w of 10% Pd/C and 
ammonium formate in refluxing methanol to give title 
compound after purification by HPLC; yield 10%. ESMS: 
calcd. for CHFNO,284.24, found 283.0 (M+1). 

Example 20 
0535 2-Amino-3,4-dihydro-4-oxo-7-(2-deoxy-D-D-ri 
bofuranosyl)-7H-pyrrolo2,3-dipyrimidine-5-carbonitrile 

NC 

HO 

0536 This compound was prepared following the proce 
dures described in Synthesis 1327 (1998). 

Example 21 
0537 6-Amino-1-(D-D-ribofuranosyl)-1H-imidazo4.5- 
cpyridin-4(5H)-one 

0538. This compound was prepared following the con 
ditions described in J. Am. Chem. Soc. 97: 2916 (1975). 

Example 22 
0539 2-Amino-7-(2-O-methyl-O-D-ribofuranosyl)-5H 
pyrrolo3,2-dipyrimidin-4-(3H)-one 

0540. To a suspension of 2-amino-5H-pyrrolo3,2-dpy 
rimidin-4(3H)-one (9-deazaguanine) (0.454g, 3.0 mmol) 
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(prepared according to J. Org. Chem. 1978, 43, 2536) and 
2-O-methyl-1,3,5-tri-O-benzoyl-O-D-ribofuranose (1.54 g, 
3.2 mmol) in dry nitromethane (23 mL) at 60° C. was added 
stannic chloride (0.54 mL, 4.5 mmol). The reaction mixture 
was maintained at this temperature for 0.5 hr., cooled and 
poured onto ice-cold Saturated Sodium bicarbonate Solution 
(70 mL). The insoluble material was filtered through florisil 
and washed with ethyl acetate (3x50 mL). The filtrate was 
extracted with ethyl acetate (2x50 mL), and organic layer 
was washed with water (2x50 mL), dried over NaSO and 
evaporated to dryneSS. Chromatography of the resulting 
foam on silica gel with CHCl2/MeOH(14:1) afforded the 
benzoylated product (0.419 g, 30% yield). To a suspension 
of the benzoylated product (0.25 g) in MeOH (2.4 mL) was 
added t-butylamine (0.52 mL) and stirring at room tempera 
ture was continued for 24 hrs. followed by addition of more 
t-butylamine (0.2 mL). The reaction mixture was stirred at 
ambient temperature overnight, concentrated in vacuum and 
the residue was purified by flash chromatography over Silica 
gel using CH.Cl/MeOH (85:15) as eluent giving the 
desired compound as a foam (0.80 g). 
0541 H NMR (200 MHz, DMSO-d): OHz3.28 (s.3H), 
3.40-3.52 (m, 3H), 3.87-3.90 (m, 1H), 408-4.09 (m, 1H), 
4.67 (d. 1H, J=5.2 Hz), 4.74 (d. 1H, J=7.0Hz), 5.62 and 5.50 
(2 bs, 3H), 7.14 (d. 1H, J=2.6 Hz), 10.43 (s.1H), 11.38 
(s.1H); Mass spectrum: calcd. for CHNOs: 296.28; 
found: 295.11. 

Example 23 
0542) 6-Amino-1-(3-deoxy-O-D-ribofuranosyl)-1H-imi 
dazo[4,5-cpyridine-4(5H)-one (3'-deoxy-3-deaza-gua 
nosine) 

2 
OH 

0543 Step A: 3-Deoxy-4-O-p-toluoyl-2-O-acetyl-D-D- 
ribofuranosyl acetate 
0544. A solution of 3-deoxy-4-O-p-toluoyl-1,2-O-isopro 
pylidene-O-D-ribofuranose (Nucleosides Nucleotides 1994, 
13, 1425 and Nucleosides Nucleotides 1992, 11, 787) (5.85 
g, 20 mmol) in 64 mL of 80% acetic acid was stirred at 85 
C. overnight. The reaction mixture was concentrated and 
co-evaporated with toluene. The residue was dissolved in 90 
mL of pyridine. Acetic anhydride (6 mL) was added at 0°C., 
and the reaction mixture was stirred at rt for 6 h. After 
condensation, the residue was dissolved in ethyl acetate and 
washed with aqueous Sodium bicarbonate Solution, water 
and brine. The organic phase was dried and concentrated. 
Chromatographic purification on a Silica gel column using 
3:1 and 2:1 hexanes-EtOAc as eluent provided 5.51 g of the 
title compound as a clear oil. 
0545 H NMR (CDC1): DO 1.98 (s, 3H), 2.09 (s.3H), 
2.15-2.35 (m, 2H), 2.41 (s.3H)4.27-4.42 (m, 1H), 4.46-4.58 
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(m, 1H), 4.65-4.80 (m, 1H), 5.21-5.28 (m, 1H), 6.20 (s, 1H), 
7.19-7.31 (m, 2H), 790-8.01 (m, 2H). 
0546) Step B: Methyl 5-cyanomethyl-1-(3-deoxy-4-O-p- 
toluoyl-2-O-acetyl-O-D- ribofuranosyl)-1H-imidazole-4- 
carboxylate 
0547 A mixture of methyl 5(4)-(cyanomethyl)-1H-imi 
dazole-4(5)-carboxylate (J. Am. Chem. Soc. 1976, 98, 1492 
and J. Org. Chem. 1963, 28, 3041) (1.41 g, 8.53 mmol), 
1,1,1,3,3,3-hexamethyldisilazane (20.5 mL) and ammonium 
sulfate (41 mg) was refluxed at 125 C. under Ar atmosphere 
for 18 h. After evaporation, the residue was dissolved in 10 
mL of dichloroethane. A solution of the compound from 
Step A (2.86 g, 8.5 mmol) in 10 mL of dichloroethane was 
added followed by addition of SnCl4 (1.44 mL, 3.20 g). The 
resulted reaction mixture was stirred at rt overnight and 
diluted with chloroform. The mixture was washed with 
aqueous Sodium bicarbonate, water and brine. The organic 
phase was dried and concentrated. Chromatographic purifi 
cation of the residue on a Silica gel column using 1:1, 1:2, 
and 1:3 hexanes-EtOAc as eluent provided 2.06 g of the title 
compound as a white foam. 
0548 H NMR (CDC1,) D2.15 (s, 3H), 2.28-240 (m, 
2H), 2.38 (s, 3H), 3.87 (s.3H), 4.46 (dd, 2H, J=7.6, 2.0 Hz), 
4.50-4.57 (m, 1H), 4.68-4.75 (m, 1H), 4.76-4.83 (m, 1H), 
5.41 (d. 1H, J=5.6 Hz), 5.91 (s, 1H), 7.24-728 (m, 2H), 7.80 
(s, 1H), 7.82-7.90 (m, 2H); C NMR (CDC1,) D13.1, 20.7, 
21.6, 31.5, 51.8, 63.5, 77.9, 79.2, 89.8, 115.1, 126.2, 129.3, 
129.5, 131.7, 135.1, 144.3, 163.1, 166.1, 170.3. 
0549 Step C: 6-Amino-1-(3-deoxy-D-D-ribofuranosyl)- 
1H-imidazo[4,5-cpyridine-4(5H)-one 
0550 A solution of the compound from Step B (2.00 g, 
4.53 mmol) in methanol (30 mL) was saturated with ammo 
nia at 0° C. Concentrated ammonium hydroxide (30 mL) 
was added and the sealed metal reactor was heated at 85 C. 
for 5 h. After cooling to rt, the reaction mixture was 
transferred directly onto a Silica gel column. Elution with 
4:1, 3:1 and 2:1 CHC1-MeOH provided 0.79 g of the title 
compound as a white Solid. 
0551) H NMR (DMSO-d): 2.41-2.46 (m, 1H), 
2.52-2.58 (m, 1H), 3.48-3.55 (m, 1H), 3.60-3.70 (m, 1H), 
4.27-4.36 (m, 2H), 4.97 (t, 1H, J=5.6 Hz), 5.44 (s, 1H), 5.47 
(s, 1H), 5.60 (s, 2H), 5.66, (d. 1H, J=4.4 Hz), 7.90 (s, 1H), 
10.33 (s, 1H); C NMR (DMSO d) D34.1, 62.4, 70.4, 
74.7, 80.4, 91.6, 123.0, 136.3, 1419, 147.6, 156.5. 

Example 24 

0552) 6-Amino-1-(3-deoxy-3-fluoro-O-D-ribofurano 
syl)-1H-imidazo 4.5-cpyridin-4(3H)-one 
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0553 This compound was prepared in a manner similar 
to the preparation of 2-amino-7-(3-deoxy-3-fluoro-O-D- 
ribofuranosyl)-7H-pyrrolo2,3-dpyrimidin-4(3H)-one 
(Example 23). 

Example 25 
0554 1-(D-D-Ribofuranosyl)-1H-pyrazolo 3,4-dpyri 
midin-4(3H)-one (Allopurinol riboside) 

0555. This compound was obtained from commercial 
SOUCCS. 

Example 26 
0556 9-(B-D-Arabinofuranosyl)-9H-purin-6(1H)-one 

{ " O N 4. 
HO 

0557. This compound was prepared following the con 
ditions described in J. Med. Chem. 18: 721 (1975). 

Example 27 
0558 2-Amino-7-(2-O-methyl-f-D-ribofuranosyl)-7H 
pyrrolo2,3-dipyrimidin-4(3H)-thione 

0559) A solution of the compound from Example 11, Step 
C (1.5g, 5 mmol), thiourea (0.4g, 5.2 mmol.) in abs. EtOH 
was refluxed for 16 hrs. The solution was evaporated and the 
resulting oil chromatographed on silica gel (EtOAc/MeOH: 
9/1) to afford the desired product as a foam. 
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0560 "H NMR (DMSO-d): O3.30 (s.3H), 5.00-5.06 (t, 
1H), 5.19 (d. 1H), 5.95 (d. 1H), 6.43 (d. 1H), (d. 1H). 

Example 28 

0561) 2-Amino-7-(D-D-ribofuranosyl)-7H-pyrrolo2,3- 
dpyrimidine 

0562. This compound was obtained from commercial 
SOUCCS. 

Example 29 

0563 2-Amino-4-chloro-7-(2-O-methyl-O-D-ribofura 
nosyl)-7H-pyrrolo2,3-dipyrimidin-5-carbonitrile 

0564) This compound was prepared as described in 
Example 13, Steps A-C. 

Example 30 

0565 2-Amino-4-chloro-5-ethyl-7-(2-O-methyl-O-D-ri 
bofuranosyl)-7H-pyrrolo2,3-dipyrimidine 

0566 Step A: 2-Amino-4-chloro-5-ethyl-7-3,5-O-(tet 
raisopropyldisiloxane-1,3-diyl)-D-D-ribofuranosyl-7H 
pyrrolo2,3-dipyrimidine 
0567 To a solution of 2-amino-4-chloro-5-ethyl-7-(D-D- 
ribofuranosyl)-7H-pyrrolo2,3-dpyrimidine (0.300 g, 0.913 
mmol) in pyridine (8 mL) was added 1,3-dichloro-1,1,3,3- 
tetraisopropyldisiloxane (0.317 g, 1.003 mmol) dropwise. 
The Solution Stirred at rt overnight, evaporated in vacuo to 
an oil, and evaporated repeatedly from acetonitrile. The 
crude product was purified on Silica using 5% methanol in 
dichloromethane as eluent. Fractions containing the product 
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were pooled and evaporated in vacuo to give the desired 
product (254 mg) as a colorless Solid. 
0568 Step B: 2-Amino-4-chloro-5-ethyl-7-(2-O-methyl 
-D-ribofuranosyl)-7H-pyrrolo2,3-dipyrimidine 

0569. To a pre-cooled solution (0° C.) of the compound 
from step A (192 mg, 0.337 mmol) in DMF (3 mL) was 
added methyl iodide (45.4 mg., 0.320 mmol) and) then NaH 
(60% in mineral oil) (8.10 mg, 0.320 mmol). The mixture 
was stirred at rt for 45 minutes and then poured into a Stirred 
mixture of Saturated aqueous ammonium chloride (10 mL) 
and ethyl acetate (10 mL). The organic phase phase was 
washed with brine (10 mL) and dried over MgSO and 
evaporated in vacuo. The resulting oily residue was taken up 
in THF (5 mL) and tetrabutylammonium fluoride (1.1 
mmol/g on silica) (0.529 g, 0.582 mmol) was added. The 
mixture was stirred for 30 minutes, filtered and the filtrate 
evaporated in vacuo. The crude product was purified on 
Silica using 10% methanol in dichloromethane as eluent. 
Fractions containing the product were pooled and evapo 
rated in vacuo to give the desired product (66 mg) as a 
colorless Solid. 

0570 "H NMR (DMSO-d): O1.15 (t,3H), 2.65 (q, 2H), 
3.20 (s.3H), 3.51 (m, 2H), 3.84 (m, 1H), 4.04 (m, 1H), 4.21 
(m, 1H), 4.99 (m, 2H), 5.15 (m, 2H), 6.07 (m, 2H), 6.62 (s 
br, 2H), 7.06 (s, 2H). 

Example 31 
0571 2-Amino-4-chloro-5-methyl-7-(2-O-methyl-O-D- 
ribofuranosyl)-7H-pyrrolo2,3-dpyrimidine 

0572 This compound was prepared as described in 
Example 14, Step A. 

0573 H NMR (CDOD): O2.33 (s, 3H), 3.39 (s, 1H), 
3.72, 3.83 (2dd, 2H), 4.03 (m, 1H), 4.17 (t, 1H), 4.39 (dd. 
1H), 5.98 (d. 1H, J=5.9 Hz), 6.7 (bs, 2H), 7.01 (s, 1H). 

Example 32 
0574) 2-Amino-4-chloro-7-(2-O-methyl-O-D-ribofura 
nosyl)-7H-pyrrolo2,3-dipyrimidine 

0575. This compound was synthesized as described in 
Example 11, Steps A-C. 
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Example 33 
0576) 2-Amino-4-chloro-7-(D-D-ribofuranosyl)-7H-pyr 
rolo2,3-dipyrimidine 

0577. This compound was prepared following the proce 
dures described in Helv. Chim. Acta 73: 1879 (1990). 

Example 34 
0578 2-Amino-4-chloro-5-methyl-7-(D-D-ribofurano 
syl)-7H-pyrrolo2,3-dipyrimidine 

0579. The compound was prepared as described in 
Example 12, Steps A-B. 

0580 "H NMR (DMSO-d): O2.29 (s.3H), 3.54 (m, 2H), 
3.84 (m, 1H), 4.04 (dd, 1H, J =3.0, J=4.9 Hz), 480-5.50 
(bs, 3H), 4.28 (t, 1H), 5.98 (d. 1H, J=6.5 Hz), 6.7 (bs, 2H), 
7.13 (s, 1H). 

Example 35 
0581 2-Amino-4-chloro-5-ethyl-7-(B-D-ribofuranosyl)- 
7H-pyrrolo2,3-dipyrimidine 

0582 This compound was prepared as described in 
Example 9, Steps A-B. 

0583 H NMR (DMSO-d): 82.00 (t, 3H), 2.69 (q, 2H), 
3.48 (dd, 1H, J, =4.2 Hz, J=11.8 Hz), 3.56 (dd, 1H, J, =4.3 
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Hz, J = 11.8 Hz), 3.80 (m, 1H), 4.02 (dd, 1H, J, =3.1 Hz, 
J=5.0 Hz), 4.62 (t, 1H), 5.0 (bs, 2H), 5.2 (bs, 1H), 5.60 (d. 
1H, J=6.4 Hz), 6.61 (bs, 2H), 7.09 (s, 1H). 

Example 36 

0584) 2-Amino-6-chloro-9-(D-D-ribofuranosyl)-9H-pu 
rine 

0585. This compound was obtained from commercial 
SOUCCS. 

Example 37 

0586 2-Amino-4-chloro-7-(D-D-ribofuranosyl)-7H-pyr 
rolo2,3-dipyrimidine-5-carbonitrile 

0587. This compound was prepared following the proce 
dures described in J. Chem. Soc. Perkin Trans. 1, 2375 
(1989). 

Example 38 

0588 2-Amino-4-chloro-7-(2-deoxy-2-fluoro-B-D-ara 
binofuranosyl)-7H-pyrrolo2,3-dipyrimidine 

0589. This compound was prepared following the proce 
dures described in J. Med. Chem. 38: 3957 (1995). 
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Example 39 

0590) 2-Amino-4-chloro-5-methyl-7-(D-D-arabinofura 
nosyl)-7H-pyrrolo2,3-dipyrimidine 

0591. The compound was prepared as described in 
Example 18, Steps A-B. "H NMR (DMSO-d): O2.24 (s, 
3H), 3.60(m,3H), 3.98 (m, 2H), 4.98 (m, 1H), 5.43 (bs, 2H), 
6.25 (s, 1H), 6.57 (bs, 2H), 7.01 (s, 1H). 

Example 40 

0592) 2'-O-Methylcytidine 

NH2 

0593. This compound was obtained from commercial 
SOUCCS. 

Example 41 

0594 3'-Deoxy-3'-methylcytidine 

NH2 

0595. This compound was prepared following the proce 
dures described in U.S. Pat. No. 3,654,262 (1972), which is 
incorporated by reference herein in its entirety. 
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Example 42 

0596) 3'-Deoxycytidine 

NH2 

a. 

s 
O 

0597. This compound was obtained from commercial 
SOUCCS. 

Example 43 
0598. 3'-Deoxy-3'-fluorocytidine 

NH2 

0599. This compound was prepared following the proce 
dures described in J. Med. Chem. 34: 2195 (1991). 

Example 44 

0600 1-(B-D-Arabinofuranosyl)-1H-cytosine 

NH2 

O N HO { 
O 

OH 

HG 

0601 This compound was obtained from commercial 
SOUCCS. 

Example 45 

0602 2-Amino-2'-deoxycytidine 

NH2 

0603 This compound was obtained from commercial 
SOUCCS. 
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Example 46 

0604 3'-Deoxy-3'-methyluridine 

0605. This compound was prepared following procedures 
described in U.S. Pat. No. 3,654,262, which is incorporated 
by reference herein in its entirety. 

Example 47 

0606 3'-Deoxy-3'-fluorouridine 

0607. This compound was prepared following procedures 
described in J. Med. Chem. 34: 2195 (1991) and FEBS Lett. 
250: 139 (1989). 

Example 48 

0608 3'-Deoxy-5-methyluridine 

0609. This compound was obtained from commercial 
SOUCCS. 
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Example 49 
0610 3'-Deoxy-2'-O-(2-methoxyethyl)-3'-methyl-5-me 
thyluridine 

0611 Step A: 5'-O-(tert-butyldiphenylsilyl)-3'-O-(3-tert 
butylphenoxythiocarbonyl)-2'-O-(2-methoxyethyl)-5-me 
thyluridine 
0612. This compound was synthesized by the reaction of 
the corresponding 5'-protected-2'-substituted-5-methyluri 
dine with 3'-t-butylphenoxychlorothionoformate following 
the Similar procedure for the preparation of 3'-phenoxythio 
carbonyl-2'-deoxy derivative (Synthesis 1994, 1163). 
0613) Step B: 5'-O-(tert-Butyldiphenylsilyl)-3'-deoxy-2'- 
O-(2-methoxyethyl)-3-(2-phenylethenyl)-5-methyluridine 
0614) To a solution of 5'-O-(tert-butyldiphenylsilyl)-3'- 
O-(3-tert-butylphenoxythiocarbonyl)-2'-O-(2-methoxy 
ethyl)-5-methyluridine (15.0 g, 20.0 mmol) in 150 mL of 
benzene was added PhCH=CHSnBus (18.7 g, 50 mmol). 
The resulting Solution was degassed three times with argon 
at rt and 45° C. After AIBN (1.0g, 6.1 mmol) was added, the 
resulting Solution was refluxed for 2 h. Another portion of 
AIBN (1.0 g, 6.1 mmol) was added after cooling to about 
40° C. and refluxed for 2 h. This procedure was repeated 
until the Starting material disappeared. The Solvent was 
evaporated and the residue was purified by flash chroma 
tography on a Silica gel column using 10:1 and 5:1 hexanes 
EtOAc as eluent to give 1.74 g of 5'-O-(tert-butyldiphenyl 
silyl)-3'-deoxy-2'-O-(2-methoxyethyl)-3'-(2- 
phenylethenyl)5-methyluridine as a white foam. 
0615) 'H NMR (CDC1): 81.13, (s, 9H), 1.43 (s, 3H), 
3.18-3.30 (m, 1H), 3.37 (s, 3H), 3.58-3.62 (m, 2H), 3.79 
3.80 (m, 2H), 406-4.37 (m, 4H), 4.95 (s, 1H), 6.25-6.40 (m, 
1H), 6.62 (d. 1H, J=16 Hz), 7.27-7.71 (m, 16H), 9.21 (s, 
1H); C NMR (CDC1) 811.9, 19.6, 27.2, 45.3, 59.0, 62.1, 
70.2, 72.0, 84.6, 87.1, 90.2, 110.4, 122.8, 126.4, 127.8, 
128.0, 128.3, 128.6, 130.0, 132.7, 133.5, 134.7, 135.3, 
135.4, 136.9, 150.3, 1541; HRMS (FAB) m/z 641.302 
(M+H)"(C.H.N.O.Si requires 641.304). 
0616) Step C: 5'-O-(tert-Butyldiphenylsilyl)-3'-deoxy-3'- 
(hydroxymethyl)-2'-O-(2-methoxyethyl)-5-methyluridine 
0617 To a solution of 5'-O-(tert-butyldiphenylsilyl)-3'- 
deoxy-2'-O-(2-methoxyethyl)-3'-(2-phenylethenyl)-5-me 
thyluridine. (5.0 g, 7.8 mmol) and N-methylmorpholine 
N-oxide (NMO) (1.47 g, 12.5 mmol) in 150 mL of dioxane 
was added a catalytic amount of osmium tetraoxide (4% 
aqueous solution, 2.12 mL, 85 mg, 0.33 mmol). The flask 
was covered by aluminum foil and the reaction mixture was 
stirred at rt overnight. Asolution of NaIO (5.35g, 25 mmol) 
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in 5 mL of water was added to the above stirred reaction 
mixture. The resulting reaction mixture was stirred for 1 h at 
O C. and 2 hat rt, followed by addition of 10 mL of ethyl 
acetate. The mixture was filtered through a celite pad and 
washed with ethyl acetate. The filtrate was washed 3 times 
with 10% aqueous NaSO solution until the color of 
aqueous phase disappeared. The organic phase was further 
washed with water and brine, dried (Na2SO) and concen 
trated. The aldehyde thus obtained was dissolved in 130 mL 
of ethanol-water (4:1, v/v). Sodium borohydride (NaBH) 
(1.58 g, 40 mmol) was added in portions at 0° C. The 
resulting reaction mixture was stirred at rt for 2 h and then 
treated with 200 g of ice water. The mixture was extracted 
with ethyl acetate. The organic phase was washed with water 
and brine, dried (Na2SO) and concentrated. The resulted 
residue was purified by flash chromatography on a Silica gel 
column using 2:1, 1:1 and 1:2 hexanes-EtOAC as eluents to 
give 1.6 g of 5'-O-(tert-butyldiphenylsilyl)-3'-deoxy-3'-(hy 
droxymethyl)-2'-O-(2-methoxyethyl)-5-methyluridine as a 
white foam. 

0618 H NMR (CDC1): 81.09 (s.9H), 1.50 (s.3H), 2.25 
(bs, 1H), 2.52-2.78 (m, 1H), 3.38 (s, 3H), 3.52-4.25 (m, 
10H), 5.86 (s, 1H), 7.38-7.70 (m, 11H), 9.95 (bs, 1H); 'C 
NMR (CDC1): 812.1, 19.5, 27.1, 43.1, 58.2, 58.8, 63.1, 
69.5, 71.6, 82.3, 86.1, 89.8, 110.5, 128.0, 130.2, 132.5, 
133.2, 135.1, 135.3, 136.5, 150.5, 164.4; HRMS (FAB) m/z 
569.268 (M+H)"(CHNO Si requires 569.268). 
0619 Step D: 5'-O-(tert-Butyldiphenylsilyl)-3'-deoxy-3'- 
(iodomethyl)-2'-O-(2-methoxyethyl)-5-methyluridine 
0620. To a solution of 5'-O-(tert-butyldiphenylsilyl)-3'- 
deoxy-3'-(hydroxymethyl)-2'-O-(2-methoxyethyl)-5-methy 
luridine (1.34g, 2.35 mmol) in 25 mL of anhydrous DMF 
under Stirring was added sequentially at 0° C. 2,6-lutidine 
(0.55 mL, 0.51 g, 4.7 mmol, 2.0 equiv) and methyl triph 
enoxy-phosphonium iodide (1.28 g, 2.83 mmol). The result 
ing reaction mixture was stirred at 0°C. for 1 h and at rt for 
2 h. The reaction mixture was diluted with 10 mL of ethyl 
acetate and washed twice with 0.1 N NaSO aqueous 
Solution to remove iodine. The organic phase was further 
washed with aqueous NaHCO3 solution, water, and brine. 
The aqueous phases were back extracted with ethyl acetate. 
The combined organic phases were dried (Na2SO) and 
concentrated. The resulting residue was purified by flash 
chromatography on a Silica gel column using 5:1, 3:1 and 
then 1:1 hexanes-EtOAc to provide 1.24 g of 5'-O-(tert 
butyldiphenylsilyl)-3'-deoxy-3'-(iodomethyl)-2'-O-(2-meth 
oxyethyl)-5-methyluridine as a white foam. 
0621) H NMR (CDC1): 81.13 (s, 9H), 1.62 (s, 3H), 
2.64-2.85 (m, 2H), 3.20-3.35 (m, 1H), 3.38 (s, 3H), 3.50 
4.25 (m, 8H), 5.91 (s, 1H), 7.32-7.50 (m, 6H), 7.60 (s, 1H), 
7.62-7.78 (m, 4H), 10.46 (s, 1H); CNMR (CDC1): 812.4, 
19.5, 27.2, 45.0, 58.0, 62.5, 70.3, 71.9, 83.3, 85.6, 88.9, 
110.5, 128.1, 128.2, 130.1, 130.3, 132.4, 132.9, 135.0, 
135.4, 135.6, 150.7, 1647; HRMS (FAB) m/z 679.172 
(M+H)" (CHINO Si requires 679.170). 
0622 Step E: 3'-Deoxy-3'-(iodomethyl)-2'-O-(2-meth 
oxyethyl)-5-methyluridine 
0623) A solution of 5'-O-(tert-butyldiphenylsilyl)-3'- 
deoxy-3'-(iodomethyl)-2'-O-(2-methoxyethyl)-5-methyluri 
dine (1.12g, 1.65 mmol) and triethylamine trihydrofluoride 
(1.1 mL, 1.1 g, 6.7 mmol) in 20 mL of THF was stirred at 
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rt for 24 h. The reaction mixture was diluted with 50 mL of 
ethyl acetate and washed with water and brine. The organic 
phase was dried (Na2SO) and concentrated. The residue 
was purified by flash chromatography on a Silica gel column. 
Gradient elution with 2:1, 1:2 and then 1:3 hexanes-EtOAc 
provided 504 mg of the title compound as a white foam. 

0624 H NMR (CDOD): 81.87 (s, 3H), 2.47-2.75 (m, 
1H), 3.18-3.37 (m, 2H), 3.40 (s, 3H), 3.59-3.70 (m, 2H), 
3.71-3.90 (m, 2H), 3.92-4.17 (m, 4H), 5.87 (s, 1H), 8.17 (s, 
1H); 'C NMR (CDOD): 812.5, 45.2, 59.2, 60.9, 71.0, 
72.9, 85.4, 87.3, 89.7, 110.5, 138.0, 152.1, 166.6; HMS 
(FAB) m/z. 441.053 (M+H)" (CHINO requires 
441.052). ps. Step F: 3'-Deoxy-5'-O-(4-methoxytrityl)-3'- 
(iodomethyl)-2'-O-(2-methoxyethyl)-5-methyluridine 

0625. A mixture of 3'-deoxy-3'-(iodomethyl)-2'-O-(2- 
methoxyethyl)-5-methyluridine (472 mg, 1.1 mmol), diiso 
propylethylamine (0.79 mL, 0.586 g, 4.5 mmol), and p-ani 
syl chlorodiphenyl methane (4'-methoxytrityl chloride, 
MMT-Cl) (1.32 g, 4.27 mmol) in 6 mL of ethyl acetate and 
4 mL of THF was stirred at rt for 48 h. The reaction mixture 
was diluted with ethyl acetate and washed with water, 
followed by brine. The organic phase was dried (Na2SO) 
and concentrated. The crude product was purified by flash 
chromatography on a Silica gel column. Gradient elution 
with 3:1, 2:1, 1:1, and then 1:3 hexanes-EtOAc provided 690 
mg of the title compound as a white foam. 

0626) "H NMR (CDC1): 81.46 (s, 3H), 2.70-2.89 (m, 
2H), 3.19-3.31 (m, 2H), 3.39 (s, 3H), 3.58-3.70 (m, 3H), 
3.80 (s, 3H), 3.80-394 (m, 1H), 405-4.25 (m, 3H), 5.89 (s. 
1H), 6.85 (s, 1H), 6.89 (s, 1H), 7.24-7.48 (m, 12H), 7.78 (s, 
1H), 9.69 (s, 1H); 'C NMR (CDC1): 812.3, 45.3, 55.3, 
58.9, 61.6, 70.2, 71.9, 82.6, 85.6, 87.1, 89.1, 110.5, 113.4, 
127.4, 128.2, 128.4, 130.5, 134.7, 135.3, 143.6, 143.7, 
150.5, 1589, 1646. HRMS (FAB) m/z. 735.155 (M+Na)" 
(CHINO-Na requires 735.154). 
0627 Step G: 3'-Deoxy-5'-O-(4-methoxytrityl)-3'-me 
thyl-2'-O-(2-methoxyethyl)-5-methyluridine 

0628. A mixture of ammonium phosphinate (410 mg, 5.1 
mmol) and 1,1,1,3,3,3-hexamethyldisilaZane (1.18 mL, 0.90 
g, 5.59 mmol) was heated at 100-110° C. for 2 h under 
nitrogen atmosphere with condenser. The intermediate 
BTSP(bistrimethylsilylphosphinate) was cooled to 0° C. 
and 5 mL of dichloromethane was injected. To this mixture 
was injected a solution of 3'-deoxy-5'-O-(4-methoxytrityl)- 
3'-(iodomethyl)-2'-O-(2-methoxyethyl)-5-methyluridine 
(0.78 g, 1.1 mmol) and diisopropylethylamine (0.39 mL, 
287 mg, 2.23 mmol) in 7 mL of dichloromethane. After the 
reaction mixture was stirred at rt overnight, a mixture of 
THF-MeOH-NEt, (3/6/0.3 mL) was added and continued to 
stir for 1 h. The reaction mixture was filtered through a pad 
of celite and washed with dichloromethane. The solvent was 
evaporated and the residue was purified by flash chroma 
tography on a Silica gel column using 2:1, 1:1, and then 1:2 
hexanes-EtOAc as eluent providing 380 mg of the title 
compound. 

0629 H NMR (CDC1): 80.97 (d,3H, J=6.8 Hz), 1.41 (s, 
3H), 2.35-2.55 (m, 1H), 3.27 (dd, 1H, J=11.0, 3.0 Hz), 3.37 
(s, 3H), 3.54-3.68 (m, 3H), 3.79 (s.3H), 3.75-3.87 (n, 1H), 
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3.94 (d. 1H, J=5.0 Hz), 4.03-4.16 (m, 2H), 5.84 (s, 1H), 6.83 
(s, 1H), 6.87 (s, 1H), 7.20-7.37 (m, 8H), 7.39-7.50 (m, 4H), 
7.86 (s, 1H), 9.50 (s, 1H); C NMR (CDC1): 88.7, 12.1, 
35.6, 55.3, 59.0, 61.7, 69.8, 72.1, 85.4, 86.4, 86.7, 89.8, 
110.0, 113.3, 127.2, 128.0, 128.4, 130.4, 135.0, 135.7, 
143.9, 150.5, 158.8, 164.6. 

0630 HRMS (FAB) m/z 
(CHNO,Na requires 609.257). 
0631 Step H: 3'-Deoxy-3'-methyl-2'-O-(2-methoxy 
ethyl)-5-methyluridine 
0632 Trifluoroacetic acid (1.5 mL) was added dropwise 
to a stirred solution of 3'-deoxy-5'-O-(4-methoxytrityl)-3'- 
methyl-2'-O-(2-methoxyethyl)-5-methyluridine (370 mg, 
0.63 mmol) in 50 mL of chloroform at 0° C. The mixture 
was stirred at rt for 30 min, concentrated, and then dissolved 
in ethyl acetate. The solution was washed with dilute sodium 
bicarbonate and brine. The organic phase was dried 
(Na2SO) and concentrated. The resulting residue was puri 
fied by flash chromatography on a Silica gel column. Elution 
with 1:1, 1:3 and then 0:1 hexanes-EtOAc provided 170 mg 
of the title compound as a white foam. 
0633 H NMR (CDC1): 81.03 (d,3H, J=6.8 Hz), 1.83 (s, 
3H), 2.20-2.40 (m, 1H), 3.10-3.28 (m, 1H), 3.35 (s, 3H), 
3.50-4.15 (m, 10H), 5.81 (s, 1H), 7.89 (s, 1H), 9.77 (s, 1H); 
'C NMR (CDC1): 88.9, 12.4, 34.7, 59.0, 60.6, 69.7, 72.0, 
86.3, 89.8, 109.7, 136.9, 150.4, 1647. HRMS (FAB) m/z 
315.154 (M+H)" (CHNO requires 315.155). 

609.256 (M+Na)" 

Example 50 
0634. 2'-Amino-2'-deoxyuridine 

0635. This compound was prepared following the proce 
dures described in J. Org. Chem. 61: 781 (1996). 

Example 51 
0636) 3'-Deoxyuridine 
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0637. This compound was obtained from commercial 
SOUCCS. 

Example 52 

0638 2'-C-Methyladenosine 

0639. This compound was prepared following the con 
ditions described in J. Med. Chem. 41: 1708 (1998). 

Example 53 

0640 3'-Deoxyadenosine (Cordycepin) 

0641. This compound was obtained from commercial 
SOUCCS. 

Example 54 

0642 3'-Amino-3'-deoxyadenosine 

0.643. This compound was prepared following the con 
ditions described in Tetrahedron Lett. 30: 2329 (1989). 
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Example 55 

0644 8-Bromoadenosine 

0645. This compound was obtained from commercial 
SOUCCS. 

Example 56 

0646) 2'-O-Methyladenosine 

0647. This compound was obtained from commercial 
SOUCCS. 

Example 57 

0648 3'-Deoxy-3'-fluoroadenosine 

0649. This compound was prepared following the proce 
dures described in J. Med. Chem. 34: 2195 (1991). 
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Example 58 
0650) 6-Methyl-9-(D-D-ribofuranosyl)-9H-purine 

0651. This compound was prepared following the proce 
dures described in Nucleosides, Nucleotides, Nucleic Acids 
19:1123 (2000). 

Example 59 
0652) 2',3',5'-tri-O-acetyl-8-methylsulfonyladenosine 

AcO 

NH2 

~ - e 

Example 60 
0653) 1-Methyl-9-2,3,5-tri-O-(p-toluoyl)-f-D-ribofura 
nosyl-9H-purine-6(1H)-thione 
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Example 61 

0654) 4-Amino-7-(2-C-methyl-3-D-arabinofuranosyl)- 
7H-pyrrolo2,3-dipyrimidine 

NH2 

6 ve 

0655 To CrO (1.57 g, 1.57 mmol) in dichloromethane 
(DCM) (10 mL) at 0°C. was added acetic anhydride (145 
mg, 1.41 mmol) and then pyridine (245 mg, 3.10 mmol). The 
mixture was stirred for 15 min, then a solution of 7-3,5- 
O-1,1,3,3-tetrakis(1-methylethyl)- 1,3-disiloxanediyl-D- 
D-ribofuranosyl-7H-pyrrolo2,3-dipyrimidin-4-amine for 
preparation, see J. Am. Chem. Soc. 105: 4059 (1983)] (508 
mg, 1.00 mmol) in DCM (3 mL) was added. The resulting 
Solution was stirred for 2 hand then poured into ethyl acetate 
(10 mL), and Subsequently filtered through Silica gel using 
ethyl acetate as the eluent. The combined filtrates were 
evaporated in vacuo, taken up in diethyl ether/THF (1:1) (20 
mL), cooled to -78° C. and methylmagnesium bromide 
(3M, in THF) (3.30 mL, 10 mmol) was added dropwise. The 
mixture was stirred at -78 C. for 10 min, then allowed to 
come to room temperature (rt) and quenched by addition of 
Saturated aqueous ammonium chloride (10 mL) and 
extracted with DCM (20 mL). The organic phase was 
evaporated in vacuo and the crude product purified on Silica 
gel using 5% methanol in dichloromethane as eluent. Frac 
tions containing the product were pooled and evaporated in 
vacuo. The resulting oil was taken up in THF (5 mL) and 
tetrabutylammonium fluoride (TBAF) on silica (1.1 mmol/g 
on silica) (156 mg) was added. The mixture was stirred at rt 
for 30 min, filtered, and evaporated in vacuo. The crude 
product was purified on Silica gel using 10% methanol in 
dichloromethane as eluent. Fractions containing the product 
were pooled and evaporated in vacuo to give the desired 
compound (49 mg) as a colorless Solid. 
0656) "H NMR (DMSO-d): D 1.08 (s, 3H), 3.67 (m, 
2H), 3.74 (m, 1H), 3.83 (m, 1H), 5.19 (m, 1H), 5.23 (m, 1H), 
5.48 (m, 1H), 6.08 (1H, s), 6.50 (m, 1H), 6.93 (bs, 2H), 7.33 
(m, 1H), 8.02 (s, 1H). 

Example 62 

0657 4-Amino-7-(2-C-methyl-3-D-ribofuranosyl)-7H 
pyrrolo2,3-dipyrimidine 

NH2 
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0658) Step A: 3,5-Bis-O-(2,4-dichlorophenylmethyl)-1- 
O-methyl-O-D-ribofuranose 
0659 A mixture of 2-O-acetyl-3,5-bis-O-(2,4-dichlo 
rophenylmethyl)-1-O-methyl-O-D-ribofuranose for prepa 
ration, see: Helv. Chim. Acta 78: 486 (1995) (52.4g, 0.10 
mol) in methanolic KCO (500 mL, saturated at rt) was 
Stirred at room temperature for 45 min. and then concen 
trated under reduced pressure. The oily residue was Sus 
pended in CHCl (500 mL), washed with water (300 
mL+5x200 mL) and brine (200 mL), dried (Na2SO), fil 
tered, and concentrated to give the title compound (49.0 g) 
as colorless oil, which was used without further purification 
in Step B below. 
0660 "H NMR (DMSO-d): 83.28 (s, 3H, OCH), 3.53 
(d. 2H, J-4.5 Hz, H-5a, H-5b), 3.72 (dd. 1H, J-3.6 Hz, 
Je=6.6 Hz, H-3), 3.99 (ddd, 1H, J, 14.5 Hz, Jor-9.6 Hz, 
H-2), 4.07 (m, 1H, H-4), 4.50 (s, 2H, CHPh), 4.52, 4.60 (2d, 
2H, J-13.6 Hz, CHPh), 4.54 (d. 1H, OH-2), 4.75 (d. 1H, 
H-1), 7.32-7.45, 7.52-7.57 (2m, 10H, 2Ph). 
0661 °C NMR (DMSO-d) 855.40, 69.05, 69.74, 71.29, 
72.02, 78.41, 81.45, 103.44, 127.83, 127.95, 129.05, 129.28, 
131.27, 131.30, 133.22, 133.26, 133.55, 133.67, 135.45, 
135.92. 

0662 Step B: 3,5-Bis-O-(2,4-dichlorophenylmethyl)-1- 
O-methyl-O-D-erythro-pentofuranos-2-ulose 
0663 To an ice-cold Suspension of Dess-Martin periodi 
nane (50.0 g, 118 mmol) in anhydrous CHCl (350 mL) 
under argon (Ar) was added a Solution of the compound 
from Step A (36.2g, 75 mmol) in anhydrous CHCl (200 
mL) dropwise over 0.5 h. The reaction mixture was stirred 
at 0° C. for 0.5 h and then at room temperature for 3 days. 
The mixture was diluted with anhydrous EtO (600 mL) and 
poured into an ice-cold mixture of NaSO.5H2O (180g) in 
saturated aqueous NaHCO (1400 mL). The layers were 
Separated, and the organic layer was washed with Saturated 
aqueous NaHCO (600 mL), water (800 mL) and brine (600 
mL), dried (MgSO), filtered and evaporated to give the title 
compound (34.2 g) as a colorless oil, which was used 
without further purification in Step C below. 
0664) H NMR (CDC1) 83.50 (s, 3H, OCH), 3.79 (dd, 
1H, Jss=11.3 Hz, Js-3.5 Hz, H-5a), 3.94 (dd. 1H, 
Js -2.3 Hz, H-5b), 4.20 (dd, 1H, J = 1.3 Hz, J =8.4 Hz, 
H-3), 4.37 (ddd, 1H, H-4), 4.58, 4.69 (2d,2H, J-13.0 Hz, 
CHPh), 4.87 (d. 1H, H-1), 4.78, 5.03 (2d, 2H, J= 12.5 gen 

HZ, CHPh), 7.19-7.26, 7.31-742 (2m, 10H, 2Ph). 
0665 'CNMR (DMSO-d) 855.72, 69.41, 69.81, 69.98, 
77.49, 78.00, 98.54,127.99, 128.06, 129.33,129.38, 131.36, 
131.72, 133.61, 133.63, 133.85, 133.97, 134.72, 135.32, 
208.21 

0666 Step C: 3,5-Bis-O-(2,4-dichlorophenylmethyl)-2- 
C-methyl-1-O-methyl-O-D-ribofuranose 

0667 To a solution of MeMgBr in anhydrous EtO (0.48 
M, 300 mL) at -55 C. was added dropwise a solution of the 
compound from Step B (17.40 g, 36.2 mmol) in anhydrous 
EtO (125 mL). The reaction mixture was allowed to warm 
to -30° C. and stirred for 7 h at -30° C. to -15° C., then 
poured into ice-cold water (500 mL) and the mixture vig 
orously stirred at room temperature for 0.5 h. The mixture 
was filtered through a Celite pad (10x5 cm) which was 
thoroughly washed with Et2O. The organic layer was dried 
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(MgSO), filtered and concentrated. The residue was dis 
Solved in hexanes (~30 mL), applied onto a silica gel column 
(10x7 cm, prepacked in hexanes) and eluted with hexanes 
and hexanes/EtOAc (9/1) to give the title compound (16.7g) 
as a colorless Syrup. 

0668) H NMR (CDC1): 81.36 (d. 3H, Jo-09 Hz, 
2C-Me), 3.33 (q, 1H, OH), 3.41 (d. 1H, J-3.3 Hz), 3.46 
(s.3H, OCH), 3.66 (d. 2H, J, -3.7 Hz, H-5a, H-5b), 4.18 
(apparent q, 1H, H-4), 4.52 (s, 1H, H-1), 4.60 (s, 2H, 
CHPh), 4.63, 4.81 (2d,2H, J-13.2 Hz, CHPh), 7.19 
7.26, 7.34-7.43 (2m, 10H, 2Ph). 
0669 °C NMR (CDC1): 824.88, 55.45, 69.95, 70.24, 
70.88, 77.06, 82.18, 83.01, 107.63, 127.32, 129.36, 130.01, 
130.32, 133.68, 133.78, 134.13, 134.18, 134.45, 134.58. 
0670 Step D: 4-Chloro-7-3,5-bis-O-(2,4-dichlorophe 
nylmethyl)-2-C-methyl-f-D-ribofuranosyl-7H-pyrrolo2, 
3-dipyrimidine 

0671 To a solution of the compound from Step C (9.42 
g, 19 mmol) in anhydrous dichloromethane (285 mL) at 0° 
C. was added HBr (5.7 M in acetic acid, 20 mL, 114 mmol) 
dropwise. The resulting solution was stirred at 0°C. for 1 h 
and then at rt for 3 h, evaporated in vacuo and co-evaporated 
with anhydrous toluene (3x40 mL). The oily residue was 
dissolved in anhydrous acetonitrile (50 mL) and added to a 
solution of sodium salt of 4-chloro-1H-pyrrolo2,3-dpyri 
midine for preparation see: J. Chem. Soc.: 131 (1960) in 
acetonitrile generated in Situ from 4-chloro-1H-pyrrolo2, 
3-dipyrimidine (8.76 g, 57 mmol) in anhydrous acetonitrile 
(1000 mL), and NaH (60% in mineral oil, 2.28 g, 57 mmol), 
after 4 h of vigorous stirring at rt. The combined mixture 
was stirred at rt for 1 day, and then evaporated to dryness. 
The residue was suspended in water (250 mL) and extracted 
with EtOAc (2x500 mL). The combined extracts were 
washed with brine (300 mL), dried over NaSO, filtered 
and evaporated. The crude product was purified on a Silica 
gel column (10 cmx10 cm) using ethyl acetate/hexane (1:3 
and 1:2) as the eluent. Fractions containing the product were 
combined and evaporated in vacuo to give the desired 
product (5.05 g) as a colorless foam. 
0672) H NMR (CDC1): 80.93 (s.3H, CH), 3.09 (s, 1H, 
OH), 3.78 (dd. 1H, Jss=10.9 Hz, Js -2.5 Hz, H-5), 3.99 
(dd. 1H, J, -2.2 Hz, H-5"), 4.23-4.34 (m, 2H, H-3', H-4), 
4.63, 4.70 (2d,2H, J-12.7 Hz, CHPh), 4.71, 4.80 (2d, 
2H, J,-12.1 Hz,CHPh), 6.54 (d. 1H, , Jss=3.8 Hz, H-5), 
723-744 (m, 10H, 2Ph). 
0673 °C NMR (CDC1): 821.31, 69.10, 70.41, 70.77, 
79.56, 80.41, 81.05, 91.11, 100.57, 118.21, 127.04, 127.46, 
127.57, 129.73, 129.77, 130.57, 130.99, 133.51, 133.99, 
134.33, 134.38, 134.74, 135.21, 15107,151.15 152.47. 
0674) Step E: 4-Chloro-7-(2-C-methyl-f-D-ribofurano 
syl)-7H-pyrrolo2,3-dipyrimidine 
0675) To a solution of the compound from Step D (5.42 
g, 8.8 mmol) in dichloromethane (175 mL) at -78° C. was 
added boron trichloride (1M in dichloromethane, 88 mL, 88 
mmol) dropwise. The mixture was stirred at -78° C. for 2.5 
h, then at -30° C. to -20° C. for 3 h. The reaction was 
quenched by addition of methanol/dichloromethane (1:1) 
(90 mL) and the resulting mixture stirred at -15° C. for 30 
min., then neutralized with aqueous ammonia at 0° C. and 
stirred at rt for 15 min. The Solid was filtered and washed 
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with CHCl/MeOH (1/1, 250 mL). The combined filtrate 
was evaporated, and the residue was purified by flash 
chromatography over Silica gel using CH2Cl and 
CHCl:MeOH (99; 1,98:2,95:5 and 90:10) gradient as the 
eluent to furnish desired compound (1.73 g) as a colorless 
foam, which turned into an amorphous Solid after treatment 
with MeCN. 

0676) "H NMR (DMSO-d) 80.64 (s, 3H, CH), 3.61 
3.71 (m, 1H, H-5), 3.79-3.88 (m, 1H, H-5"), 3.89-401 (m, 
2H, H-3', H-4), 5.15-5.23 (m, 3H, 2'-OH, 3'-OH, 5'OH), 
6.24 (s, 1H, H-1'), 6.72 (d. 1H, J-3.8 Hz, H-5), 8.13 (d. 
1H, H-6), 8.65 (s, 1H, H-2). 
0677 °C NMR (DMSO-d) 820.20, 59.95, 72.29, 79.37, 
83.16, 91.53, 100.17, 117.63, 128.86, 151.13, 151.19, 
151.45. 

0678 Step F: 4-Amino-7-(2-C-methyl-B-D-ribofurano 
syl)-7H-pyrrolo2,3-dipyrimidine 
0679. To the compound from Step E (1.54g, 5.1 mmol) 
was added methanolic ammonia (saturated at 0° C.; 150 
mL). The mixture was heated in a stainless Steel autoclave 
at 85°C. for 14 h, then cooled and evaporated in vacuo. The 
crude mixture was purified on a Silica gel column with 
CHC/MeOH (9/1) as eluent to give the title compound as 
a colorless foam (0.8 g), which separated as an amorphous 
solid after treatment with MeCN. The amorphous solid was 
recrystallized from methanol/acetonitrile; m.p. 222 C. 
0680 "H NMR (DMSO-d) 80.62 (s, 3H, CH), 3.57 
3.67 (m, 1H, H-5), 3.75-3.97 (m,3H, H-5", H-4, H-3), 5.00 
(S, 1H,2'-OH), 5.04 (d. 1H, Jaorai-6.8 Hz, 1H, Jsotiss 
5.1 Hz, 5'-OH), 6.11 (s, 1H, H-1'), 6.54 (d. 1H, J.-3.6 Hz, 
H-5), 6.97 (brs, 2H, NH), 7.44 (d. 1H, H-6), 8.02 (s, 1H, 
H-2). 
0681 °C NMR (DMSO-d) 820.26, 60.42, 72.72, 79.30, 
82.75, 91.20, 100.13, 103.08, 121.96, 150.37, 152.33, 
158.15. 

0682 LC-MS: Found: 279.10 (M-H); calc. for 
CHNO+H": 279.11. 

Example 63 

0683 4-Amino-7-(3-deoxy-3-methyl-O-D-ribofurano 
syl)-7H-pyrrolo2,3-dipyrimidin-5-carboxamide 

NH2 
HNOC 

7 NN 
e O N N 

HO 

Méf OH 

0684 Step A: 4-Amino-6-bromo-7-(2-O-acetyl-5-O-ben 
Zoyl-3-deoxy-3-methyl-O-D-ribofuranosyl)-7H-pyrrolo2, 
3-dipyrimidin-5-carbonitrile 

0685 BSA (0.29 mL, 2.0 mmol) was added into a stirred 
Suspension of 4-amino-6-bromo-5-cyano-1H-pyrrolo2,3-d 
pyrimidine (0.24g, 1 mmol; prepared according to Nucleic 
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Acid Chemistry, Part IV, Townsend, L. B. and Tipson, R. S.; 
Ed., Wiley-Interscience: New York, 1991, pp. 16-17 and 
Synthetic Commun. 1998, 28, 3835) in dry acetonitrile (10 
mL) at room temperature under argon. After 15 min, 1,2- 
di-O-acetyl-5-O-benzoyl-3-deoxy-3-methyl-D-ribofuranose 
(J. Med. Chem. (1976), 19, 1265) (0.36 g, 1.0 mmol) was 
added along with TMSOTf (0.54 g., 3 mmol). The mixture 
was stirred at room temperature for 5 min and then at 80 C. 
for 0.5 h. The solution was cooled, diluted with ethyl acetate 
(50 mL) and poured into ice-cold Saturated aqueous 
NaHCO, (15 mL). The layers were separated. The organic 
layer was washed with brine (15 mL), dried (Na2SO) and 
then evaporated. The residue was purified on Silica gel 
column using a Solvent System of hexaneS/ EtOAc: 3/1. 
Appropriate fractions were collected and evaporated to 
provide the title compound as colorless foam (0.21 g). 
0686 Step B: 4-Amino-7-(2-O-acetyl-5-O-benzoyl-3- 
deoxy-3-methyl-O-D-ribofuranosyl)-7H-pyrrolo2,3-dipy 
rimidin-5-carbonitrile 

0687 To a suspension of the title compound from Step A 
(183 mg, 0.35 mmol) in EtOH (9 mL) were added ammo 
nium formate (0.23 g, 3.6 mmol) and 10% palladium on 
activated carbon (20 mg) and the mixture was heated at 
reflux for 1.5 h. The hot reaction mixture was filtered 
through Celite and washed with hot EtOH. The solvent was 
removed and the residue treated with MeOH. The pale 
yellow solid was filtered thus yielding 105 mg of pure title 
compound. The filtrate was evaporated and purified on a 
silica gel column with a solvent system of CHCl/MeOH: 
50/1 to afford an additional 63 mg of title compound as a 
white Solid. 

0688 Step C: 4-Amino-7-(3-deoxy-3-methyl-O-D-ribo 
furanosyl)-7H-pyrrolo2,3-dpyrimidin-5-carboxamide 
0689. A mixture of the compound from Step B (51 mg, 
0.12 mmol), ethanolic ammonia (5 mL, saturated at 0°C.), 
aqueous ammonia (5 mL, 30%) and aqueous hydrogen 
peroxide (1 mL, 35%) was stirred room temperature for 8 h. 
The Solution was evaporated and the residue purified on 
silica gel column with a solvent system of CH2Cl2/MeOH: 
10/1 to give the title compound as a white Solid (28 mg). 
0690 H-MNR (CDOD): D1.12 (d,3H, J=6.8 Hz), 2.40 
(m, 1H), 3.76(dd, 1H, J, = 12.8 Hz, J=4.0 Hz), 3.94-4.04 (m, 
2H), 4.33 (d. 1H, J=5.4 Hz), 6.13 (s, 1H), 8.11 (s, 1H), 8.16 
(s, 1H). 

Example 64 

0691) 4-Amino-7-(3-deoxy-D-D-ribofuranosyl)-7H-pyr 
rolo2,3-dipyrimidine-5-carboxamide 

HNOC 
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0692 This compound was prepared following the proce 
dures described in J. Med. Chem. 26: 25 (1983). 

Example 65 

0693 4-Amino-7-(D-D-ribofuranosyl)-7H-pyrrolo2,3- 
dpyrimidine-5-carboxamide (Sangivamycin) 

0694. This compound was obtained from commercial 
SOUCCS. 

Example 66 

0695) 7-(2-O-methyl-O-D-ribofuranosyl)-7H-pyrrolo2, 
3-dipyrimidine 

0696. This compound was prepared following the proce 
dures described in J. Org. Chem. 39: 1891 (1974). 

Example 67 

0697 4-Amino-7-(3-deoxy-3-fluoro-O-D-ribofurano 
syl)-7H-pyrrolo2,3-dipyrimidine-5-carboxamide 

HNOC 

0698. This compound was prepared following the proce 
dures described in Chem. Pharm. Bull. 41: 775 (1993). 
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Example 68 

0699) 4-Amino-7-(3-deoxy-D-D-ribofuranosyl)-7H-pyr 
rolo2,3-dipyrimidine-5-carbonitrile 

NC 

0700. This compound was prepared following the proce 
dures described in J. Med. Chem. 30: 481 (1987). 

Example 69 

0701 4-Amino-7-(2-O-methyl-O-D-ribofuranosyl)-7H 
pyrrolo2,3-dipyrimidine 

0702. This compound was prepared following the proce 
dures described in J. Org. Chem. 39: 1891 (1974). 

Example 70 

0703 3'-Amino-3'-deoxy-2'-O-methyladenosine 

0704. This compound is obtained by the methylation of 
appropriately protected 3'-amino-3'-deoxyadenosine deriva 
tive (Example 54). 
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Example 71 

0705) 4-Amino-7-(3-deoxy-D-D-ribofuranosyl)-7H-pyr 
rolo2,3-dipyrimidine 

0706 This compound was prepared following the fol 
lowing procedure described in Can. J. Chem. 55: 1251 
(1977). 

Example 89 

0707 2-Amino-9-(D-D-arabinofuranosyl)-9H-purin 
6(1H)-one 

0708. This compound was obtained from commercial 
SOUCCS. 

Example 90 

0709) 3'-Deoxy-3'-methyliguanosine 

0710. This compound was prepared following procedures 
described in U.S. Pat. No. 3,654,262 (1972). 
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Example 91 

0711) 2'-O-4-(Imidazolyl-1)butyllguanosine 

O 

N 

( NH als O N N NH2 
HO 

- s 

s 2 1N1\1 N HO O N2N 

0712 Step A: 2'-O-4-(Imidazolyl-1)butyl-2-amninoad 
enosine 

0713) A solution 2-aminoadenosine (7.36 g, 26 mmol) in 
dry DMF (260 mL) was treated portionwise with 60% NaH 
(3.92 g, 1000 mmol). After 1 hr., a solution of bromobutyl 
imidazole (9.4g, 286 mmol) in DMF (20ml) was added. 
After 16 hrs., the Solution was conc. in vacuo, partitioned 
between H2O/EtOAc and Separated. The aqueous layer was 
evaporated, and the residue was chromatographed on Silica 
gel (CHCl/MeOH) to afford the title nucleoside as a white 
Solid; yield 4.2 g. 

0714 H NMR (DMSO-d): 81.39 (t, 2H), 1.67 (t, 2H), 
3.3-3.7 (m, 4H), 3.93 (m, 3H), 4.29 (m, 2H), 4.40 (d. 1H), 
5.50 (5, 1H), 5.72 (d. 1H), 5.82 (bs, 2H), 6.72 (bs, 2H), (s, 
1H), 7.08 (s, 1H), 7.57 (s, 1H). 7.91 (s, 1H). 
0715 Step B: 2'-O-4-(Imidazolyl-1)butylguanosine 
0716 A mixture of the intermediate from Step A (3.2g, 
8 mmol) in HO (200 mL), DMSO (10 mL), trisodium 
phosphate (10 g), and adenosine deaminase (0.3 g) was 
stirred at room temperature and pH 7. The solution was 
filtered and and then evaporated. The resulting Solid was 
crystallized from EtOAc/MeOH to afford the title compound 
as a white Solid; yield 2.6 g. 

0717 H NMR (DMSO-d): 81.39 (t, 2H), 1.67 (t, 2H), 
3.3-3.7 (m, 4H), 3.93 (m, 3H), 4.29 (m, 2H), 5.10 (t, 1H), 
5.20 (d. 1H), 5.79 (d. 1H), 6.50 (bs, 2H), 6.86 (s, 1H), 7.08 
(s, 1H), 7.57 (s, 1H) 7.9 (s, 1H). 

Example 92 

0718 2'-Deoxy-2'-fluoroguanosine 

0719. This compound was prepared following the con 
ditions described in Chem. Pharm. Bull. 29: 1034 (1981). 
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Example 93 
0720 2'-Deoxyguanosine 

y 
O { -ny 

HO 

NH 

als 
N NH2 

0721 This compound was obtained from commercial 
SOUCCS. 

Example 94 

0722 2-Amino-7-(2-deoxy-2-fluoro-B-D-ribofuranosyl)- 
7H-pyrrolo2,3-dipyrimidin-4(3H)-one 

0723 Step A: 2-Amino-4-chloro-7-(2,3,5-tri-O-benzyl 
f3-D-arabinofuranosyl)-7H-pyrrolo2,3-d-pyrimidine 
0724. To a suspension of 2-amino-4-chloro-1H-pyrrolo 
2,3-dipyrimidine Liebigs Ann. Chem. 1: 137 (1983)(3.03 
g, 18 mmol) in anhydrous MeCN (240 mL), powdered KOH 
(85%; 4.2g, 60 mmol) and tris(2-(2-methoxyethoxy)-ethyl 
amine (0.66 mL, 2.1 mmol) were added and the mixture was 
stirred at room temperature for 10 min. Then a solution of 
2,3,5-tri-O-benzyl-D-arabinofuranosyl bromide prepared 
from corresponding 1-O-p-nitrobenzoate (11.43 g, 20.1 
mmol) according to Seela et al., J. Org. Chem. (1982), 47, 
226 in MeCN (10 mL) was added and stirring continued for 
another 40 min. Solid was filtered off, washed with MeCN 
(2x25 mL) and combined filtrate evaporated. The residue 
was purified on a Silica gel column with a Solvent System of 
hexanes/EtOAc: 7/1, 6/1 and 5/1. Two main Zones were 
Separated. From the more rapidly migrating Zone was iso 
lated the C. anomer (0.74 g) and from the slower migrating 
Zone the desired f anomer (4.01 g). 
0725 Step B: 2-Amino-7-(B-D-arabinofuranosyl)-4- 
chloro-7H-pyrrolo2,3-dipyrimidine 
0726 To a solution of the compound from Step A (4.0 g, 
7 mmol) in CHCl (150 ml) at -78°C. was added a solution 
of 1.0 MBC1 in CHCl (70 mL, 70 mmol) during 45 min. 
The mixture was stirred at -78 C. for 3 hand at -20°C. for 
2.5 h. MeOH-CHCl (70 mL, 1:1) was added to the mix 
ture, which was then stirred at -20° C. for 0.5 h and 
neutralized with conc. aqueous NH at 0° C. The mixture 
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was stirred at room temperature for 10 min. and then filtered. 
The solid was washed with MeOH-CHCl (70 mL, 1:1) and 
the combined filtrate evaporated. The residue was purified 
on a silica gel column with a solvent System of CH2Cl2/ 
MeOH: 20/1 to give the desired nucleoside (1.18 g) as a 
white Solid. 

0727 Step C:2-Amino-7-3,5-O-(1,1,3,3-tetraisopropyl 
disiloxane-1,3-diyl)-f-D-arabinofuranosyl-4-chloro-7H 
pyrrolo2,3-dipyrimidine 

0728. The compound from Step B (0.87g, 2.9 mmol) and 
imidazole (0.43 g, 5.8 mmol were dissolved in DMF (3.5 
mL). 1,3-Dichloro-1,1,3,3-tetraisopropyldisiloxane (1.0 
mL) was added to the Solution. The reaction mixture was 
Stirred at room temperature for 1 h and then evaporated. The 
residue was partitioned between CHCl (150 mL) and water 
(30 mL). The layers were separated. The organic layer was 
dried (NaSO) and evaporated. The residue was purified on 
a Silica gel column with a Solvent System of hexaneS/EtOAc: 
7/1 and 5/1 to give the title compound (1.04 g). 
0729) Step D: 2-Amino-7-2-O-acetyl-3,5-O-(1,1,3,3-tet 
raisopropyldisiloxane-1,3-diyl)-3-D-arabinofuranosyl-4- 
chloro-7H-pyrrolo2,3-dipyrimidine 

0730. A mixture of the compound from Step C (0.98 g, 
1.8 mmol) in MeCN (12 mL), EtN (0.31 mL) AcO (0.21 
mL) and DMAP (5 mg, 0.25 eq.) was stirred at room 
temperature for 5 h and then evaporated. The oily residue 
was dissolved in EtOAc (200 mL), washed with water (2x20 
mL), dried (NaSO) and evaporated to yield pure title 
compound (1.12 g). 
0731 Step E:2-Amino-7-2-O-acetyl-B-D-arabinofura 
nosyl)-4-chloro-7H-pyrrolo2,3-dpyrimidine 

0732) To an ice-cold solution of the compound from Step 
D (0.95 g, 1.63 mmol) in THF (10 mL) and AcOH (0.19 mL) 
was added dropwise 1.0 M tetrabutylammonium fluoride 
solution in THF (3.4 mL) and stirred at 0°C. for 15 min. The 
Solution was concentrated and the oily residue applied onto 
a silica gel column packed in CHCl and eluted with 
CHCl2/MeOH: 50/1, 25/1 and 20/1. Appropriate fractions 
were pooled and evaporated to give the title nucleoside (0.56 
g) as a white Solid. 
0733 Step F: 2-Amino-7-2-O-acetyl-3,5-di-O-(tetrahy 
dro-2-pyranyl)-f-D-arabinofuranosyl-4-chloro-7H-pyrrolo 
2,3-dpyrimidine 

0734) To a solution of the compound from Step E (0.5g, 
1.46 mmol) in CHCl (10 mL) and 3,4-dihydro-2-H-pyrane 
(0.67 mL) was added dropwise TMSI (30 ul, 0.2 mmol). 
The reaction mixture was Stirred at room temperature for 1 
h and then evaporated. The oily residue was purified on a 
Silica gel column packed in a Solvent System of hexanes/ 
EtOAc/EtN: 75/25/1 and eluted with a solvent system of 
hexanes/EtOAc: 3/1. The fractions containing the product 
were collected and evaporated to give the desired compound 
(0.60 g). 
0735) Step G: 2-Amino-7-3,5-di-O-(tetrahydro-2-pyra 
nyl)-3-D-arabinofuranosyl-4-chloro-7H-pyrrolo2,3-dpy 
rimidine 

0736. A mixture of the compound from Step F (0.27 g, 
0.53 mmol) and methanolic ammonia (saturated at 0°C.; 10 
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mL) was kept overnight at 0° C. Evaporation of the solvent 
yielded the desired compound (0.25 g). 
0737 Step H: 2-Amino-7-2-deoxy-2-fluoro-3,5-di-O- 
(tetrahydro-2-pyranyl)-(B-D-ribofuranosyl-4-chloro-7H 
pyrrolo2,3-dipyrimidine 
0738) To a solution of the compound from Step G (0.24 
g, 0.51 mmol) in CHCl (5 mL) and pyridine (0.8 mL) at 
-60° C. was added diethylaminosulfur trifluoride (DAST: 
0.27 mL) dropwise under Ar. The solution was stirred at 
-60C. for 0.5h, at 0°C. overnight and at room temperature 
for 3 h. The mixture was diluted with CHCl (25 mL) and 
poured into saturated aqueous NaHCO (15 mL). The 
organic layer was washed with water (10 mL), dried 
(Na2SO) and evaporated. The residue was purified on a 
Silica gel column with a Solvent System of hexaneS/EtOAc: 
5/1 to give the title compound (45 mg) as a pale yellow 
foam. 

0739 Step I: 2-Amino-7-(2-deoxy-2-fluoro-B-D-ribo 
furanosyl)-4-chloro-7H-pyrrolo2,3-d-pyrimidine 
0740. A solution of the compound from Step H (40 mg. 
0.08 mmol) in EtOH (2 mL) was stirred with pyridinium 
p-toluenesulfonate (40 mg, 0.16 mmol) at 60° C. for 3 h. The 
mixture was then evaporated and the residue purified on a 
Silica gel column with a Solvent System of hexaneS/EtOAc: 
1/1 and 1/2 to give the desired compound (24 mg). 
0741 Step J: 2-Amino-7-(2-deoxy-2-fluoro-B-D-ribo 
furanosyl)-7H-pyrrolo2,3-dipyrimidin-4(3H)-one 
0742 A mixture of the compound from Step I (4 mg., 0.08 
mmol) in 2N aqueous NaOH (1.2 mL) was stirred at reflux 
temperature for 1.5 h. The solution was cooled in an 
ice-bath, neutralized with 2 Naqueous HCl and evaporated 
to dryness. The residue was suspended in MeOH, mixed 
with Silica gel and evaporated. The Solid residue was placed 
onto a silica gel column (packed in a Solvent System of 
CHCl2/MeOH: 10/1) which was eluted with a solvent 
system of CHCl/MeOH: 10/1. The fractions containing the 
product were collected and evaporated to dryneSS to yield 
the title compound (20 mg) as a white Solid. 
0743 H NMR (CDOD): 83.73, 3.88 (2dd, 2H, J=124, 
3.8, 2.6 Hz), 4.01 (m, 1H), 4.47 (ddd, 1H J=16.5, 6.6 Hz), 
5.14 (ddd, 1H, J=5.3, 4.7 Hz), 6.19 (dd, 1H, J=17.8, 3.0 Hz), 
6.39 (d. 1H, J=3.6 Hz), 6.95 (d. 1H). 
0744) 'F NMR (CDOD): 8-206.53 (dt). 

Example 95 

0745 2-Amino-7-(B-D-ribofuranosyl)-7H-pyrrolo2,3- 
dpyrimidin-4(3H)-one 
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0746 This compound was prepared following the proce 
dures described in J. Chem. Soc. Perkin Trans. 1, 2375 
(1989). 

Example 96 

0747 2-Amino-7-(2-deoxy-f-D-ribofuranosyl)-7H-pyr 
rolo2,3-dipyrimidin-4(3H)-one 

HO 

0748. This compound was prepared following the proce 
dures in Tetrahedron Lett. 28: 5107 (1987). 

Example 97 

0749) 6-Amino-1-(2-O-methyl-B-D-ribofuranosyl)-1H 
imidazo4.5-cpyridin-4(5H)-one 

0750 This compound was prepared in a manner similar 
to the preparation of 2-amino-7-(3-deoxy-3-fluoro-O-D- 
ribofuranosyl)-7H-pyrrolo2,3-dpyrimidin4(3H)-one 
(Example 23). 

Example 98 

0751 6-Amino-1-(2-deoxy-f-D-ribofuranosyl)-1H-imi 
dazo[4,5-cpyridin-4(5H)-one 

HO 

0752 This compound was prepared following-the proce 
dures described in J. Med. Chem. 26: 286 (1983). 
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Example 99 

0753 6-Amino-1-(3-deoxy-3-methyl-B-D-ribofurano 
syl)-1H-imidazo 4.5-cpyridin-4(5H)-one 

0754) This compound was prepared in a manner similar 
to the preparation of 2-amino-7-(3-deoxy-3-fluoro-O-D- 
ribofuranosyl)-7H-pyrrolo2,3-dpyrimidin4(3H)-one 
(Example 23). 

Example 100 

0755 6-Amino-1-(2-deoxy-2-fluoro-B-D-ribofuranosyl)- 
1H-imidazo[4,5-cpyridin-4(5H)-one 

0756. This compound was prepared in a manner similar 
to the preparation of 2-amino-7-(3-deoxy-3-fluoro-O-D- 
ribofuranosyl)-7H-pyrrolo2,3-dpyrimidin-4(3H-one 
(Example 23). 

Example 101 

0757 6-Amino-1-(B-D-arabinofuranosyl)-1H-imidazo 
4.5-cpyridin-4(5H)-one 

O ry 
OH 

HO 

0758. A preparation of this compound is given in Eur. 
Pat. Applin. 43722 A1 (1982). 
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Example 102 

0759 2'-O-2-(N,N-diethylaminooxy)ethyl-5-methylu 
ridine 

0760 Step A: 5'-O-tert-Butyldiphenylsilyl-2'-O-(2-hy 
droxyethyl)-5-methyluridine 
0761. In a 2 L stainless steel, unstirred pressure reactor 
was added borane in tetrahydrofuran (1.0 M, 2.0 eq, 622 
mL). In the fume hood and with manual stirring, ethylene 
glycol (350 mL, excess) was added cautiously at first until 
the evolution of hydrogen gas subsided. 5'-O-tert-Butyl 
diphenylsilyl-O'-2'-anhydro-5-methyluridine (149 g, 0.311 
mol) and sodium bicarbonate (0.074 g) were added with 
manual Stirring. The reactor was Sealed and heated in an oil 
bath until an internal temperature of 160° C. was reached 
and then maintained for 16 h (pressure <100 psig). The 
reaction vessel was cooled to ambient and opened. The 
reaction mixture was concentrated under reduced pressure 
(10 to 1 mm Hg) in a warm water bath (40-100° C.) with the 
more extreme conditions used to remove the ethylene gly 
col. The residue was purified by column chromatography (2 
kg Silica gel, ethyl acetate:hexanes gradient 1:1 to 4:1). The 
appropriate fractions were combined, Stripped and dried to 
product as white crisp foam (84 g), contaminated Starting 
material (17.4 g) and pure reusable starting material (20g). 
TLC and NMR were consistent with 99% pure product. 

0762) H NMR (DMSO-d): 81.05 (s, 9H), 1.45 (s, 3H), 
3.544.10(m, 8H), 4.25 (m, 1 H), 4.80 (t, 1H), 5.18 (d. 2H), 
5.95 (d. 1H), 7.35-7.75 (m, 11H), 11.42 (s, 1H). 
0763 Step B: 2'-O-2-(2-phthalimidoxy)ethyl-5'-t-bu 
tyldiphenylsilyl-5-methyluridine 
0764 5'-O-tert-Butyldiphenylsilyl-2'-O-(2-hydroxy 
ethyl)-5-methyluridine (20g, 36.98 mmol) was mixed with 
triphenylphosphine (11.63 g, 44.36 mmol) and N-hydrox 
yphthalimide (7.24 g., 44.36 mmol). It was then dried over 
POs under high vacuum for two days at 40°C. The reaction 
mixture was flushed with argon and dry THF (369.8 mL) 
was added to get a clear Solution. Diethyl azodicarboxylate 
(6.98 mL, 44.36 mmol) was added dropwise to the reaction 
mixture. The rate of addition was maintained Such that 
resulting deep red coloration is just discharged before add 
ing the next drop. After the addition was complete, the 
reaction was stirred for 4 h. By that time TLC showed the 
completion of the reaction (ethyl acetate/hexane, 60:40). 
The Solvent was evaporated under vacuum. Residue 
obtained was placed on a flash Silica gel column and eluted 
with ethyl acetate-hexane (60:40) to give the title compound 
as a white foam (21.8 g). 

56 
Jan. 22, 2004 

0765 H NMR (DMSO-d): 811.32 (s, 1H), 7.82 (m, 
4H), 7.6-7.65 (m, 5H), 7.34-7.46 (m, 6H), 5.90 (d. 1H, 
J=6Hz), 5.18 (d, J=5.6 Hz), 4.31 (bs, 2H), 4.25 (m, 1H), 4.09 
(t, 1H, J=5.6 Hz), 3.81-3.94 (m, 5H), 1.44 (s, 3H), 1.1 (s, 
9H); C NMR (CDC1): 811.8, 19.40, 26.99, 62.62, 68.36, 
68.56, 77.64, 83.04, 84.14, 87.50, 110.93, 123.59, 127.86, 
129.89, 132.45, 134.59, 134.89, 135.17, 150.50, 163.63, 
163.97; MS FAB m/z 684 M-H. 
0766) Step C: 5'-O-tert-Butyldiphenylsilyl-2'-O-2-(ac 
etaldoximinooxy)ethyl-5-methyluridine 
0767 2'-O-2-(2-Phthalimidoxy)ethyl)-5'-t-butyldiphe 
nylsilyl-5-methyluridine (10g, 14.6 mmol) was dissolved in 
CHCl (146 mL) and cooled to -10°C. in an isopropanol 
dry ice bath. To this methylhydrazine (1.03 mL, 14.6 mmol) 
was added dropwise. Reaction mixture was stirred at -10 
C. to 0 C. for 1 h. A white precipitate formed and was filtered 
and washed thoroughly with CHCl (ice cold). The filtrate 
was evaporated to dryness. Residue was dissolved in metha 
nol (210 mL) and acetaldehyde (0.89 mL, 16 mmol) was 
added and stirred at room temperature for 12 h. Solvent was 
removed in vacuo and residue was purified by Silica gel 
column chromatography using and ethyl acetate/hexane 
(6:4) as Solvent System to yield the title compound (4.64 g). 
0768 H NMR (DMSO-d): 81.02 (s, 9H), 1.44 (s, 3H), 
1.69 (dd, 3H, J=5.6 Hz), 3.66 (m, 1H), 3.76 (m, 2H), 3.94 
(m, 2H), 4.05 (s, 2H), 4.15 (m, 1H), 4.22 (m, 1H), 5.18 (d. 
1H, J=6.0 Hz), 5.9 (dd, 1H, J=4.4 Hz), 7.36 (m, 1H), 7.40 
(m, 7H), 7.63 (m, 5H), 11.38 (s, 1H), ''C NMR (CDC1): 
811.84, 15.05, 19.38, 26.97, 63.02, 68.62, 70.26, 71.98, 
72.14, 82.72, 84.34, 87.02, 111.07, 127.89, 130.02, 134.98, 
135.13, 135.42, 147.85, 150.51, 164.12; HRMS (FAB) 
Calcd for CHNO, SiNa 604.2455, found 604.2471. 
0769 Step D: 5'-O-tert-Butyldiphenylsilyl-2'-O-2-(N.N- 
diethylaminooxy)ethyl-5-methyluridine 
0770) 5'-O-tert-Butyldiphenylsilyl-2'-O-2-(acetaldox 
iminooxy)ethyl-5-methyluridine (4.5 g, 7.74 mmol) was 
dissolved in 1M pyridinium p-toluenesulfonate (PPTS) in 
MeOH (77.4 mL). It was then cooled to 10° C. in an ice bath. 
To this mixture NaBHCN (0.97g, 15.5 mmol) was added 
and the mixture was stirred at 10 C. for 10 minutes. 
Reaction mixture was allowed to come to room temperature 
and Stirred for 4 h. Solvent was removed in vacuo to give an 
oil. Diluted the oil with ethyl acetate (100 mL), washed with 
water (75 mL), 5% NaHCO (75 mL) and brine (75 mL). 
The organic phase was dried over anhydrous Na2SO and 
evaporated. Residue obtained was dissolved in 1M PPTS in 
MeOH (77.4 mL), acetaldehyde (0.48 mL, 8.52 mmol) was 
added and Stirred at ambient temperature for 10 minutes. 
Then reaction mixture was cooled to 10° C. in an ice bath 
and NaBHCN (0.97g, 15.50 mmol) was added and stirred 
at 10 C. for 10 minutes. Reaction mixture was allowed to 
come to room temperature and Stirred for 4 h. Solvent was 
removed in vacuo to get an oil. The oil was dissolved in 
ethyl acetate (100 mL), washed with water (75 mL), 5% 
NaHCO, (75 mL) and brine (75 mL). The organic phase was 
dried over anhydrous Na2SO and evaporated to dryneSS. 
The residue obtained was purified by Silica gel column 
chromatography and eluted with CHCl2/MeOH/NEt, 
94.5:1 to give title compound (3.55 g) as a white foam. 
0771) 'H NMR (DMSO-d): 80.95 (t, 6H, J–7.2 Hz), 1.03 
(s, 9H), 1.43 (s, 3H), 2.58 (q, 4H, J=7.2 Hz), 3.59 (m, 1H), 
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3.73 (m, 3H), 3.81 (m, 1H), 3.88 (m, 1H), 3.96 (m, 2H), 4.23 
(m, 1H), 5.21 (d. 1H, J=5.6 Hz), 5.95 (d. 1H, J=6.4 Hz), 7.43 
(m, 7H), 7.76 (m, 4H), 11.39 (s, 1H); 'C NMR (CDC1): 
811.84, 19.35, 26.97, 52.27, 63.27, 68.81, 70.27, 72.27, 
82.64, 84.47, 86.77, 111.04, 127.87,130.01, 135.11, 135.41, 
141.32, 150.48, 164.04; HRMS (FAB), Calcd for 
CHNO,SiCs, 744.2081, found 744.2067. 
0772) Step E: 2'-O-2-(N,N-diethylaminooxy)ethyl-5- 
methyluridine 
0773) A mixture of triethlyamine trihydrogenfluoride 
(4.39 mL, 26.81 mmol) and triethylamine (1.87 mL, 13.41 
mmol) in THF (53.6 mL) was added to 5'-O-tert-butyldiphe 
nylsilyl-2'-O-2-(N,N-diethylaminooxy)ethyl-5-methyluri 
dine (3.28 g, 5.36 mmol). The reaction mixture was stirred 
at room temperature for 18 h. Solvent was removed in 
vacuo. The residue was placed on a Silica gel column and 
eluted with CHCl/MeoH/NEt, 89:10:1, to yield the title 
compound (1.49 g). 

0774) H NMR (DMSO-d): 80.97 (t, 6H, J–7.2 Hz), 1.75 
(s, 3H), 2.58 (q, 4H, J=7.2 Hz), 3.55 (m, 4H), 3.66 (m, 2H), 
3.83 (bs, 1H), 3.95 (t, 1H, J=5.6 Hz), 4.11 (q, 1H, J=4.8 Hz 
and 5.6 Hz), 5.05 (d. 1H, J=5.6 Hz), 5.87 (d. 1H, J=6.0 Hz), 
7.75 (s, 1H), 11.31 (s, 1H); C NMR (CDC1): 811.75, 
12.27, 52.24, 61.31, 68.86, 70.19, 72.25, 81.49, 85.10, 
90.29, 110.60, 137.79, 150.57, 164.37; HRMS (FAB) Calcd 
for CHNOP 374.1927, found 374.1919. 

Example 103 
0775) 1-(2-C-Methyl-f-D-arabinofuranosyl)uracil 

0776 This compound was prepared following the proce 
dures described in Chem. Pharm. Bull. 35:2605 (1987). 

Example 104 

0777 5-Methyl-3'-deoxycytidine 

NH2 
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0778 This compound was prepared following the proce 
dures described in Chem. Pharm. Bull. 30: 2223 (1982). 

Example 105 

0779) 2-Amino-2'-O-methyladenosine 

0780. This compound was obtained from commercial 
SOUCCS. 

Example 106 

0781) 2'-Deoxy-2'-fluoroadenosine 

0782. This compound was obtained from commercial 
SOUCCS. 

Example 107 

0783 3'-Deoxy-3'-fluoroadenosine 

0784. This compound was prepared following the proce 
dures described in Nucleosides Nucleotides 10: 719 (1991). 
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Example 108 
0785 3'-Deoxy-3'-methyladenosine 

0786 This compound was prepared following the proce 
dures described in J. Med. Chem. 19:1265 (1976). 

Example 109 
0787 2-Amino-7-(2-deoxy-D-D-ribofuranosyl)-7H-pyr 
rolo2,3-dipyrimidine 

0788. This compound was prepared following the proce 
dures described in J. Am. Chem. Soc. 106: 6379 (1984). 

Example 110 
0789) 4-Amino-7-(B-D-arabinofuranosyl)-7H-pyrrolo2, 
3-dipyrimidine 

0790. This compound is described in U.S. Pat. 4,439,604, 
which is incorporated by reference herein in its entirety. 
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Example 111 
0791) 4-Amino-1-(3-deoxy-3-fluoro-B-D-ribofuranosyl)- 
1H-imidazo[4,5-cpyridine 

NH2 

N 

(1. 
O N 21 -ny 

f OH 

0792. This compound can be prepared readily by the 
similar method described for the preparation of Example 24 
except the nucleobase is 3-deazaadenine. 

Example 112 
0793) 4-Amino-7-(B-D-ribofuranosyl)-7H-pyrrolo2,3- 
dpyrimidine (tubercidin) 

0794. This compound was obtained from commercial 
SOUCCS. 

Example 113 
0795) 4-Amino-1-(3-deoxy-B-D-ribofuranosyl)-1H-imi 
dazo4.5-cpyridine 

NH2 

N n N 

( 
O N 21 -ny 

oH 

0796. This compound is described in Acta Crystallogr., 
Sect. C. Cryst. Struct. Commun. C43: 1790 (1987). 
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Example 114 

0797 4-Amino-1-(3-deoxy-3-methyl-B-D-ribofurano 
syl)-1H-imidazo 4.5-cpyridine 

NH2 

(1. 21 

0798. The procedure described earlier for Example 23 is 
used to Synthesize this example by reacting the appropriately 
Substituted 3-C-methyl-Sugar intermediate with a protected 
3-deazaadenine derivative. 

Example 115 

0799 4-Amino-1-f-D-ribofuranosyl-1H-imidazo[4,5-c 
pyridine 

NH2 

(1. 21 

0800 This compound was obtained from commercial 
SOUCCS. 

Example 116 

0801 9-(2-C-Methyl-B-D-arabinofuranosyl)adenine 

NH2 

N n 

0802 This compound is prepared from 4-amino-9-(3,5- 
bis-O-tert-butyldimethylsilyl-f-D-erythro-pentofuran-2- 
ulosyl)purine (J. Med. Chem. 1992, 35, 2283) by reaction 
with MeMgBr and deprotection as described in Example 61. 
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Example 117 

0803) 4-Amino-7-(2-C-ethyl-3-D-ribofuranosyl)-7H 
pyrrolo2,3-dipyrimidine 

0804 Step A: 3,5-Bis-O-(2,4-dichlorophenylmethyl)-2- 
C-ethyl-1-O-methyl-O-D-ribofuranose 

0805) To EtO (300 mL) at -78° C. was slowly added 
EtMgBr (3.0 M, 16.6 mL) and then dropwise the compound 
from Step B of Example 62 (4.80 g, 10.0 mmol) in anhy 
drous EtO (100 mL). The reaction mixture was stirred at 
-78 C. for 15 min, allowed to warm to -15° C. and stirred 
for another 2 h, and then poured into a Stirred mixture of 
water (300 mL) and EtO (600 mL). The organic phase was 
Separated, dried (MgSO), and evaporated in vacuo. The 
crude product was purified on Silica gel using ethyl acetate/ 
hexane (1:2) as eluent. Fractions containing the product 
were pooled and evaporated in vacuo to give the desired 
product (3.87 g) as a colorless oil. 
0806) Step B: 4-Chloro-7-3,5-bis-O-(2,4-dichlorophe 
nylmethyl)-2-C-ethyl-f-D-ribofuranosyl-7H-pyrrolo2,3- 
dpyrimidine 

0807] To a solution of the compound from Step A (1.02 
mg, 2.0 mmol) in dichloromethane (40 mL) was added HBr 
(5.7 M in acetic acid) (1.75 mL, 10.0 mmol) dropwise at 0° 
C. The resulting Solution was stirred at rt for 2 h, evaporated 
in vacuo and co-evaporated twice from toluene (10 mL). The 
oily residue was dissolved in acetonitrile (10 mL) and added 
to a vigorously stirred mixture of 4-chloro-1H-pyrrolo2,3- 
dpyrimidine (307 mg, 2.00 mmol), potassium hydroxide 
(337 mg, 6.0 mmol) and tris(2-(2-methoxyethoxy)ethyl 
amine (130 mg, 0.4 mmol) in acetonitrile (10 mL). The 
resulting mixture was Stirred at room temperature overnight, 
and then poured into a stirred mixture of Saturated ammo 
nium chloride (100 mL) and ethyl acetate (100 mL). The 
organic layer was separated, washed with brine (100 mL), 
dried over MgSO, filtered and evaporated in vacuo. The 
crude product was purified on Silica gel using ethyl acetate/ 
hexane (1:2) as eluent to give the desired product (307 mg) 
as a colorless foam. 

0808 Step C: 4-Chloro-7-(2-C-ethyl-f-D-ribofurano 
syl)-7H-pyrrolo2,3-dipyrimidine 
0809. To a solution of the compound from Step B (307 
mg, 0.45 mmol) in dichloromethane (8 mL) was added 
boron trichloride (1M in dichloromethane) (4.50 mL, 4.50 
mmol) at -78° C. The mixture was stirred at -78° C. for 1 
h, then at -10° C. for 3 h. The reaction was quenched by 
addition of methanol/dichloromethane (1:1) (10 mL), stirred 
at -15 C. for 30 min, and neutralized by addition of 
aqueous ammonium hydroxide. The mixture was evaporated 
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in vacuo and the resulting oil purified on Silica gel using 
methanol/dichloromethane (1:9) as eluent. Fractions con 
taining the product were pooled and evaporated in vacuo to 
give the desired product (112 mg) as a colorless foam. 
0810 Step D: 4-Amino-7-(2-C-ethyl-(B-D-ribofurano 
syl)-7H-pyrrolo2,3-dipyrimidine 
0811) To the compound from Step C (50 mg, 0.16 mmol) 
was added Saturated ammonia in methanol (4 mL). The 
mixture was stirred at 75 C. for 72 h in a closed container, 
cooled and evaporated in vacuo. The crude mixture was 
purified on Silica gel using methanol/dichloromethane (1:9) 
as eluent. Fractions containing the product were pooled and 
evaporated in vacuo to give the desired product (29 mg) as 
a colorless powder. 
0812) H NMR (200 MHz, DMSO-d): O 0.52 (t, 3H), 
1.02 (m, 2H), 4.01-3.24 (m, 6H), 5.06 (m, 1H), 6.01 (s, 1H), 
6.51 (d. 1H), 6.95 (s br, 2H), 6.70 (d. 1H), 7.99 (s, 1H). 
0813 LC-MS: Found: 295.2 (M+H"); calc. for 
CH-NO+H": 295.14. 

Example 118 

0814) 2-Amino-7-(2-C-methyl-Z,900 -D-ribofuranosyl)- 
7H-pyrrolo2,3-dipyrimdin-4(3H)-one 

0815) Step A: 2-Amino4-chloro-7-3,5-bis-O-(2,4- 
dichlorophenylmethyl)- 2-C-methyl-3-D-ribofuranosyl)- 
7H-pyrrolo2,3-dipyrimidine 

0816 To an ice-cold solution of product from Step C of 
Example 62 (1.27 g, 2.57 mmol) in CHCl (30 mL) was 
added HBr (5.7 M in acetic acid; 3 mL) dropwise. The 
reaction mixture was stirred at room temperature for 2 h, 
concentrated in vacuo and co-evaporated with toluene (2x15 
mL). The resulting oil was dissolved in MeCN (15 mL) and 
added dropwise into a well-Stirred mixture of 2-amino4 
chloro-7H-pyrrolo2,3-dipyrimidine for preparation see 
Heterocycles 35: 825 (1993) (433 mg, 2.57 mmol), KOH 
(85%, powdered) (0.51 g, 7.7 mmol), tris-2-(2-methoxy 
ethoxy)ethylamine (165ul, 0.51 mmol) in acetonitrile (30 
mL). The resulting mixture was stirred at rt for 1h, filtered 
and evaporated. The residue was purified on a Silica gel 
column using hexaneS/EtOAc, 5/1, 3/1 and 2/1 as eluent to 
give the title compound as a colorless foam (0.65 g). 
0817 Step B: 2-Amino-4-chloro-7-(2-C-methyl-8-D-ri 
bofuranosyl)-7H-pyrrolo2,3-dipyrimidine 
0818 To a solution of the product from Step A (630 mg, 
1.0 mmol) in CHCl (20 mL) at -78°C. was added boron 
trichloride (1M in CHCl) (10 mL, 10 mmol). The mixture 
was stirred at -78° C. for 2 h, then at -20° C. for 2.5 h. The 
reaction was quenched with CHCl2/MeOH (1:1) (10 mL), 
stirred at -20° C. for 0.5 h, and neutralized at 0° C. with 
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aqueous ammonia. The Solid was filtered, washed with 
CHCl2/MeOH (1:1) and the combined filtrate evaporated in 
vacuo. The residue was purified on a Silica gel column with 
CH.Cl/MeOH, 50/1 and 20/1 as eluent to give the title 
compound as a colorless foam (250 mg). 
0819) Step C: 2-Amino-7-(2-C-methyl-3-D-ribofurano 
syl)-7H-pyrrolo2,3-dipyrimidin-4(3H)-one 
0820) A mixture of product from Step B (90 mg, 0.3 
mmol) in aqueous NaOH (2N, 9 mL) was heated at reflux 
temperature for 5 h, then neutralized at 0° C. with 2 N 
aqueous HCl and evaporated to dryneSS. Purification on a 
silica gel column with CH-Cl/MeOH, 5/1 as eluent afforded 
the title compound as a white solid (70 mg). 
0821) H NMR (200 MHz, CDOD): 80.86 (s, 3H), 3.79 
(m 1H), 3.90-4.05 (m, 3H), 6.06 (s, 1H), 6.42 (d, J=3.7 Hz, 
1H), 7.05 (d, J-3.7 Hz, 1H). 

Example 119 
0822 2-Amino-4-cyclopropylamino-7-(2-C-methyl 
-D-ribofuranosyl)-7H-pyrrolo&lsqb;2,3- 

d&rsqb;pyrimidine 

0823) A solution of 2-amino-4-chloro-7-(2-C-methyl 
-D-ribofuranosyl)-7H-pyrrolo2,3-dpyrimidine (Example 

118, Step B) (21 mg, 0.07 mmol) in cyclopropylamine (0.5 
mL) was heated at 70° C. for two days, then evaporated to 
an oily residue and purified on a Silica gel column with 
CHCl2/MeOH, 20/1, as eluent to give the title compound as 
a white solid (17 mg). 
0824 H NMR (200 MHz, CDCN): 80.61 (m, 2H), 0.81 
(m, 2H), 0.85 (s, 3H), 2.83 (m, 1H), 3.74-3.86 (m, 1H), 
3.93-4.03 (m, 2H), 4.11 (d, J=8.9 HZ, 1H), 6.02 (s, 1H), 6.49 
(d, J-3.7 Hz, 1H), 7.00 (d, J-3.7 Hz, 1H). 

Example 120 
0825) 3',5'-Bis-O-(1-oxooctyl)-2'-O-methylcytidine 

NH2 
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0826 1,3-Dicyclohexylcarbodiimide (21.48 g, 104 
mmol) was dissolved in anhydrous dichloromethane (100 
mL). To the solution was added octanoic acid (5.49 mL, 34.5 
mmol, made anhydrous by keeping over molecular Sieves, 4 
A overnight at room temperature), and the resulting reac 
tion mixture was stirred under argon atmosphere for 6 h. The 
white precipitate which formed was filtered, and the filtrate 
was concentrated under reduced pressure. The residue 
obtained was dissolved in anhydrous pyridine and added to 
N'-(4,4'-dimethoxytrityl)-2'-O-methylcytidine (0.43 g, 
0.77). DMAP (0.09 g, 0.77 mmol) was added and the 
resulting mixture was stirred at room temperature under 
argon atmosphere for 12 h. The Solvent was removed under 
reduced pressure and the residue obtained was dissolved in 
ethyl acetate (100 mL). The organic phase was washed with 
aqueous sodium bicarbonate (5%, 50 mL), dried over anhy 
drous NaSO and concentrated under reduced pressure. The 
residue was purified by flash Silica gel column chromatog 
raphy and eluted with 5% MeOH in dichloromethane. The 
product obtained was dissolved in a mixture of acetic acid: 
MeOH: HO (20 mL, 3:6:1). The resulting mixture was 
heated at 50° C. for 24 h. The solvent was removed under 
reduced pressure. The residue obtained was purified by flash 
Silica gel column chromatography and eluted with dichlo 
romethane containing 0 to 5% of MeOH to give the title 
compound (0.22 g). 
0827) H NMR (200 MHz, DMSO-d) 80.83 (m, 6H), 
1.23 (brs, 16H), 1.51 (m, 4H), 2.33 (m, 4H), 3.26 (s, 3H), 
4.06 (t, J=5.2 Hz, 1H), 4.21 (m, 3H), 5.11 (t, J=5.2Hz, 1H), 
5.75 (d, J=7.4 Hz, 1H), 5.84 (d, J=4.8 Hz, 1H), 7.26 (brs, 
2H), 7.61 (d, J=7.4Hz, 1H). 
0828 MS (ES): m/z 510.3 M+H"; HRMS (FAB) Calcd 
for CHNOz: 510.3179; found 510.3170. 

Example 121 
0829 4-Amino-1-)-D-ribofuranosyl)-1H 
pyrazolo&lsqb,3,4-d&rsqb;pyrimidine 

NH2 

0830) This compound was prepared following procedures 
described in Nucleic Acids Res., 11: 871-872 (1983). 

Example 122 

0831) 2"C-Methyl-cytidine 

NH2 
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0832. This compound was prepared following procedures 
described in L. Beigelman et al., Carbohyd. Res. 166: 
219–232 (1987) or X-Q Tang, et al., J. Org. Chem. 64: 
747-754 (1999). 

Example 123 
0833 4-Amino-7-(2-C-methyl-3-D-ribofuranosyl)-7H 
pyrrolo2,3-dipyrimidine-5-carbonitrile 

NC 

0834. This compound was prepared following procedures 
described by Y. Murai et al. in Heterocycles 33: 391-404 
(1992). 

Example 124 
0835) 4-Amino-7-(2-C-methyl-3-D-ribofuranosyl)-7H 
pyrrolo2,3-dpyrimidine-5-carboxamide 

0836. This compound was prepared following procedures 
described by Y. Murai et al. in Heterocycles 33: 391-404 
(1992). 

Example 125 

0837 8-Aminoadenosine 

0838. This compound was prepared following the proce 
dure described in M. Ikehara and S. Yamada, Chem. Pharm. 
Bull., 19: 104 (1971). 
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Example 130 

0839 7-(2-C-methyl-f-D-ribofuranosyl)-7H-pyrrolo2, 
3-dipyrimdin-4(3H)-one 

0840. To the compound from Step E of Example 62 (59 
mg, 0.18 mmol) was added aqueous Sodium hydroxide 
(1M). The mixture was heated to reflux for 1 hr., cooled, 
neutralized with aqueous HCl (2M) and evaporated in 
vacuo. The residue was purified on Silica gel using dichlo 
romethane/methanol (4:1) as eluent. Fractions containing 
the product were pooled and evaporated in vacuo to give the 
desired product (53 mg) as a colorless oil. 

0841 H NMR (acetonitrile-d): 80.70 (s, 3H), 3.34-4.15 
(overlapping m, 7H), 6.16 (s, 1H), 6.57 (d, 3.6 Hz, 1H), 7.37 
(d, 3.6 Hz, 1H), 8.83 (s, 1H). 

Example 131 

0842) 4-Amino-5-chloro-7-(2-C-methyl-f-D-ribofurano 
syl)-7H-pyrrolo2,3-dipyrimidine 

C 

0843. To a pre-cooled solution (0° C.) of the compound 
from Step F of Example 62 (140 mg, 0.50 mmol) in DMF 
(2.5 mL) was added N-chlorosuccinimide (0.075 g, 0.55 
mmol) in DMF (0.5 mL) dropwise. The solution was stirred 
at rt for 1 h and the reaction quenched by addition of 
methanol (4 mL) and evaporated in vacuo. The crude 
product was purified on Silica gel using methanol/dichlo 
romethane (1:9) as cluent. Fractions containing the product 
were pooled and evaporated in vacuo to give the desired 
product (55 mg) as a colorless Solid. 

0844 H NMR (acetonitrile-d): 80.80 (s, 3H), 3.65-4.14 
(overlapping m, 7H), 5.97 (s br, 2H), 6.17 (s, 1H), 7.51 (s, 
1H), 8.16 (s, 1H). 

0845 ES-MS: Found: 
CHCINO+H: 315.09. 

315.0 (M+H"), calc.for 
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Example 132 

0846 4-Amino-5-bromo-7-(2-C-methyl-f-D-ribofurano 
syl)-7H-pyrrolo2,3-dipyrimidine 

0847 To a pre-cooled solution (0° C.) of the compound 
from Step F of Example 62 (28 mg, 0.10 mmol) in DMF (0.5 
mL) was added N-bromosuccinimide (0.018 g., 0.10 mmol) 
in DMF (0.5 mL) dropwise. The solution was stirred at 0°C. 
for 20 min, then at rt for 10 min. The reaction was quenched 
by addition of methanol (4 mL) and evaporated in vacuo. 
The crude product was purified on Silica gel using methanol/ 
dichloromethane (1:9) as eluent. Fractions containing the 
product were pooled and evaporated in vacuo to give the 
desired product (13.0 mg) as a colorless Solid. 
0848 H NMR (acetonitrile-d): 80.69 (s.3H), 3.46-4.00 
(overlapping m, 7H), 5.83 (s br, 2H), 6.06 (s, 1H), 7.45 (s, 
1H), 8.05 (s, 1H). 
0849 ES-MS: Found: 
CHBrNO+H": 359.04. 

359.1 (M+H"), calc.for 

Example 133 

0850) 2-Amino-7-(2-C-methyl-3-D-ribofuranosyl)-7H 
pyrrolo2,3-dipyrimidine 

0851 A mixture of 2-amino4-chloro-7-(2-C-methyl-f-D- 
ribofuranosyl)-7H-pyrrolo2,3-dpyrimidine (Example 118, 
Step B) (20 mg, 0.07 mmol) in EtOH (1.0 mL), pyridine (0.1 
mL) and 10% Pd/C (6 mg) under H (atmospheric pressure) 
was stirred overnight at room temperature. The mixture was 
filtered through a Celite pad which was thoroughly washed 
with EtOH. The combined filtrate was evaporated and 
purified on a silica gel column with CH-Cl/MeOH, 20/1 
and 10/1, as eluent to give the title compound as a white 
Solid (16 mg). 
0852 H NMR (200 MHz, CDOD): 80.86 (s, 3H, 2C 
Me), 3.82 (dd, J-3.6 Hz, Jss=12.7 Hz, 1H, H-5), 
3.94-403 (m, 2H, H-5', H-4), 4.10 (d, J-8.8 Hz, 1H, 
H-3), 6.02 (s, 1H, H-1'), 6.41 (d, J-3.8 Hz, 1H, H-5), 7.39 
(d. 1H, H-6), 8.43 (s, 1H, H-4). ES MS: 281.4 (MH"). 
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Example 134 

0853 2-Amino-5-methyl-7-(2-C.2-O-dimethyl-f-D-ri 
bofuranosyl)-7H-pyrrolo2,3-dipyrimidin-4(3H)-one 

0854 Step A: 2-Amino-4-chloro-7-3,5-bis-O-(2,4- 
dichlorophenylmethyl)-2-C-methyl-f-D-ribofuranosyl-5- 
methyl-7H-pyrrolo2,3-dpyrimidine 

0855 To an ice-cold solution of the product from Step C 
of Example 62 (1.57g, 3.16 mmol) in CHCl (50 mL) was 
added HBr (5.7 M in acetic acid; 3.3 mL) dropwise. The 
reaction mixture was stirred at 0°C. for 1 h and then at room 
temperature for 2 h, concentrated in vacuo and co-evapo 
rated with toluene (2x20 mL). The resulting oil was dis 
solved in MeCN (20 mL) and added dropwise to a solution 
of the sodium salt of 2-amino4-chloro-5-methyl-1H-pyrrolo 
2,3-dpyrimidine in acetonitrile generated in situ from 
2-amino-4-chloro-5-methyl-1H-pyrrolo2,3-dipyrimidine 
for preparation, see Liebigs Ann. Chem. 1984: 708-721) 
(1.13 g, 6.2 mmol) in anhydrous acetonitrile (150 mL), and 
NaH (60% in mineral oil, 248 mg, 6.2 mmol), after 2 h of 
vigorous stirring at rt. The combined mixture was stirred at 
rt for 1 day and then evaporated to dryneSS. The residue was 
suspended in water (100 mL) and extracted with EtOAc 
(300+150 mL). The combined extracts were washed with 
brine (100 mL), dried over NaSO, filtered and evaporated. 
The crude product was purified on a silica gel column (5x7 
cm) using ethyl acetate/hexane (0 to 30% EtOAc in 5% step 
gradient) as the eluent. Fractions containing the product 
were combined and evaporated in vacuo to give the desired 
product (0.96 g) as a colorless foam. 
0856 Step B: 2-Amino-4-chloro-7-3,5-bis-O-(2,4- 
dichlorophenylmethyl)-2-C.2-O-dimethyl-B-D-ribofurano 
syl-5-methyl-7H-pyrrolo2,3-dipyrimidine 

0857 To an ice-cold mixture of the product from Step A 
(475 mg, 0.7 mmol) in THF (7 mL) was added NaH (60% 
in mineral oil, 29 mg) and stirred at 0°C. for 0.5h. Then Mel 
(48 uD) was added and reaction mixture stirred at rt for 1 
day. The reaction was quenched with MeOH and the mixture 
evaporated. The crude product was purified on a Silica gel 
column (5x3.5 cm) using hexane/ethyl acetate (9/1, 7/1, 5/1 
and 3/1) as eluent. Fractions containing the product were 
combined and evaporated to give the desired compound 
(200 mg) as a colorless foam. 
0858 Step C: 2-Amino-7-3,5-bis-O-(2,4-dichlorophe 
nylmethyl)-2-C.2-O-dimethyl-3-D-ribofuranosyl-5-me 
thyl-7H-pyrrolo2,3-dipyrimidine-4(3H)-one 
0859. A mixture of the product from Step B (200 mg, 0.3 
mmol) in 1,4-dioxane (15 mL) and aqueous NaOH (2N, 15 
mL) in a pressure bottle was heated overnight at 135°C. The 
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mixture was then cooled to 0° C., neutralized with 2N 
aqueous HCl and evaporated to dryneSS. The crude product 
was suspended in MeOH, filtered, and the Solid thoroughly 
washed with MeOH. The combined filtrate was concen 
trated, and the residue purified on a silica gel column (5x5 
cm) using CH.Cl/MeOH (40/1, 30/1 and 20/1) as eluent to 
give the desired compound (150 mg) as a colorless foam. 
0860 Step D: 2-Amino-5-methyl-7-(2-C.2-O-dimethyl 
f3-D-ribofuranosyl)-7H-pyrrolo2,3-dipyrimidin-4(3H)-one 
0861) A mixture of the product from Step C (64 mg., 0.1 
mmol) in MeOH (5 mL) and EtN (0.2 mL) and 10% Pd/C 
(24 mg) was hydrogenated on a Parr hydrogenator at 50 psi 
at r.t. for 1.5 days, then filtered through a Celite pad which 
was thoroughly washed with MeOH. The combined filtrate 
was evaporated and the residue purified on a Silica gel 
column (3x4 cm) with CHCl/MeOH (30/1, 20/1) as eluent 
to yield 2-amino-5-methyl-7-(5-O-benzyl-2-C.2-O-dim 
ethyl-3-D-ribofuranosyl)-7H-pyrrolo2,3-dipyrimdin 
4(3H)-one. The compound (37 mg) was further hydroge 
nated in EtOH (2 mL) with 10% Pd/C and under 
atmospheric preSSure of hydrogen. After Stirring 2 days at 
r.t., the reaction mixture was filtered through Celite, the 
filtrate evaporated and the crude product purified on a Silica 
gel column (1x7 cm) with CHCl/MeoH (30/1, 20/1 and 
10/1) as eluent to yield the title compound (12 mg) after 
freeze-drying. 

0862) H NMR (200 MHz, CDOD): 80.81 (s, 3H, 2C 
Me), 2.16 (d, Jes-M=1.3 Hz, 3H, C5-Me), 3.41 (S. 3H, 
2'-OMe), 3.67 (dd, J.-3.4 Hz, Jss=12.6 Hz, 1H, H-5), 
3.81-3.91 (m, 3H, H-5", H-4, H-3), 6.10 (s, 1H, H-1'), 6.66 
(d. 1H, H-6). 
0863) ESMS: 323.3 (M-H)". 

Example 135 

0864) 4-Amino-5-methyl-7-(2-C-methyl-f-D-ribofura 
nosyl)-7H-pyrrolo2,3-dipyrimidine 

Me NH2 

n 7 N 

e 
N 

0865 Step A: 4-Chloro-7-3,5-bis-O-(2,4-dichlorophe 
nylmethyl)-2-C-methyl-f-D-ribofuranosyl-5-methyl-7H 
pyrrolo2,3-dipyrimidine 

0866 To an ice-cold solution of the product from Step C 
of Example 62 (1.06 g, 2.1 mmol) in CHCl (30 mL) was 
added HBr (5.7 M in acetic acid; 2.2 mL) dropwise. The 
reaction mixture was stirred at 0°C. for 1 h and then at room 
temperature for 2 h, concentrated in vacuo and co-evapo 
rated with toluene (2x15 mL). The resulting oil was dis 
solved in MeCN (10 mL) and added dropwise into a solution 
of the Sodium salt of 4-chloro-5-methyl-1H-pyrrolo2,3-d 
pyrimidine in acetonitrile generated in Situ from 4-chloro 
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5-methyl-1H-pyrrolo2,3-dpyrimidine for preparation, See 
J. Med. Chem. 33: 1984 (1990) (0.62 g, 3.7 mmol) in 
anhydrous acetonitrile (70 mL), and NaH (60% in mineral 
oil, 148 mg, 3.7 mmol), after 2 h of vigorous stirring at rt. 
The combined mixture was stirred at rt for 1 day and then 
evaporated to dryneSS. The residue was Suspended in water 
(100 mL) and extracted with EtOAc (250+100 mL). The 
combined extracts were washed with brine (50 mL), dried 
over NaSO, filtered and evaporated. The crude product 
was purified on a silica gel column (5x5 cm) using hexane/ 
ethyl acetate (9/1, 5/1, 3/1) gradient as the eluent. Fractions 
containing the product were combined and evaporated in 
vacuo to give the desired product (0.87 g) as a colorless 
foam. 

0867 Step B: 4-Chloro-5-methyl-7-(2-C-methyl-f-D-ri 
bofuranosyl)-7H-pyrrolo2,3-dipyrimidine 
0868 To a solution of the compound from Step A (0.87 
g, 0.9 mmol) in dichloromethane (30 mL) at -78° C. was 
added boron trichloride (1M in dichloromethane, 9.0 mL, 
9.0 mmol) dropwise. The mixture was stirred at -78°C. for 
2.5 h, then at -30° C. to -20° C. for 3 h. The reaction was 
quenched by addition of methanol/dichloromethane (1:1) (9 
mL) and the resulting mixture stirred at -15° C. for 30 min., 
then neutralized with aqueous ammonia at 0° C. and stirred 
at rt for 15 min. The Solid was filtered and washed with 
CHCl/MeOH (1/1, 50 mL). The combined filtrate was 
evaporated, and the residue was purified on a Silica gel 
column (5x5 cm) using CHCl and CHCl2/MeOH (40/1 
and 30/1) gradient as the eluent to furnish the desired 
compound (0.22 g) as a colorless foam. 
0869 Step C: 4-Amino-5-methyl-7-(2-C-methyl-f-D-ri 
bofuranosyl)-7H-pyrrolo2,3-dipyrimidine 
0870. To the compound from Step B (0.2g, 0.64 mmol) 
was added methanolic ammonia (saturated at 0°C.; 40 mL). 
The mixture was heated in a stainless steel autoclave at 100 
C. for 14 h, then cooled and evaporated in vacuo. The crude 
mixture was purified on a Silica gel column (5x5 cm) with 
CHCl/MeOH (50/1, 30/1, 20/1) gradient as eluent to give 
the title compound as a white Solid (0.12 g). 
O871 'H NMR (DMSO-d): 80.60 (s.3H,2'C-Me), 2.26 
(s, 3H, 5C-Me), 3.52-3.61 (m, 1H, H-5), 3.70-3.88 (m, 3H, 
H-5", H-4, H-3), 5.00 (s, 1H,2'-OH), 4.91-4.99 (m, 3H, 
2'-OH, 3'-OH, 5'-OH), 6.04 (s, 1H, H-1'), 6.48 (brs, 2H, 
NH), 7.12 (s, 1H, H-6), 7.94 (s, 1H, H-2). ESMS: 295.2 
(MH). 

Example 136 

0872 4-Amino-7-(2-C-methyl-3-D-ribofuranosyl)-7H 
pyrrolo2,3-dipyrimidine-5-carboxylic acid 

O 

4. NH2 
HO 

n / N 

e 
N 

0873. The compound of Example 123 (0.035 g, 0.11 
mmol) was dissolved in a mixture of aqueous ammonia (4 
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mL, 30 wt %) and saturated methanolic ammonia (2 mL), 
and a solution of HO, in water (2 mL, 35 wt %) was added. 
The reaction mixture was stirred at room temperature for 18 
h. Solvent was removed under reduced pressure, and the 
residue obtained was purified by HPLC on a reverse phase 
column (Altech Altima C-18, 10x299 mm, A=water, B=ac 
etonitrile, 10 to 60% B in 50 min, flow 2 mL/min) to yield 
the title compound (0.015 g, 41%) as a white solid. 

0874) "H NMR (CDOD): 80.85 (s, 3H, Me), 3.61 (m, 
1H), 3.82 (m, 1H)3.99-4.86 (m, 2H), 6.26 (s, 1H), 8.10 (s, 
2H)8.22(s, 1H); C NMR (CDOD): 2013, 61.37, 73.79, 
80.42, 84.01, 93.00, 102.66, 112.07, 130.07, 151.40, 152.74, 
159.12, 169.30. 

0875 HRMS (FAB) Calcd for C.H.N.O.325.1148, 
found 325.1143. 

Example 137 

0876 4-Amino-7-(2-C-vinyl-(B-D-ribofuranosyl)-7H 
pyrrolo2,3-dipyrimidine 

0877 Step A: 3.5-Bis-O-(2,4-dichlorophenylmethyl)-2- 
C-vinyl-1-O-methyl-O-D-ribofuranose 

0878 Cerium chloride heptahydrate (50g, 134.2 mmol) 
was finely crushed in a pre-heated mortar and transferred to 
a round-bottom flask equipped with a mechanical Stirrer. The 
flask was heated under high vacuum overnight at 160° C. 
The vacuum was released under argon and the flask was 
cooled to room temperature. Anhydrous THF (300 mL) was 
cannulated into the flask. The resulting Suspension was 
stirred at room temperature for 4 hand then cooled to -78 
C. Vinylmagnesium bromide (1M in THF, 120 mL, 120 
mmol) was added and stirring continued at -78° C. for 2 h. 
To this suspension was added a solution of 3,5-bis-O-(2,4- 
dichlorophenylmethyl)-1-O-methyl-O-D-erythro-pentofura 
nose-2-ulose (14g, 30 mmol) from Example 2, Step B in 
anhydrous THF (100 mL), dropwise with constant stirring. 
The reaction was stirred at -78 C. for 4 h. The reaction was 
quenched with Sat. ammonium chloride Solution and 
allowed to come to room temperature. The mixture was 
filtered through a celite pad and the residue washed with 
EtO (2x500 mL). The organic layer was separated and the 
aqueous layer extracted with EtO (2x200 mL). The com 
bined organic layers were dried over anhydrous Na2SO and 
concentrated to a viscous yellow oil. The oil was purified by 
flash chromatography (SiO, 10% EtOAc in hexanes). The 
title compound (6.7 g., 13.2 mmol) was obtained as a pale 
yellow oil. 
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0879 Step B: 4-Chloro-7-3,5-bis-O-(2,4-dichlorophe 
nylmethyl)-2-C-vinyl-f-D-ribofuranosyl-7H-pyrrolo2,3- 
dpyrimidine 

0880. To a solution of the compound from Step A (6.4g, 
12.6 mmol) in anhydrous dichloromethane (150 mL) at -20° 
C. was added HBr (30% solution in AcOH, 20 mL, 75.6 
mmol) dropwise. The resulting Solution was stirred between 
-10° C. and 0° C. for 4 h, evaporated in vacuo and 
co-evaporated with anhydrous toluene (3x40 mL). The oily 
residue was dissolved in anhydrous acetonitrile (100 mL) 
and added to a Solution of the Sodium salt of 4-chloro-1H 

pyrrolo2,3-dipyrimidine (5.8 g., 37.8 mmol) in acetonitrile 
(generated in situ as described in Example 62) at -20° C. 
The resulting mixture was allowed to come to room tem 
perature and Stirred at room temperature for 1 day. The 
mixture was then evaporated to dryness, taken up in water 
and extracted with EtOAc (2x300 mL). The combined 
extracts were dried over NaSO, filtered and evaporated. 
The crude mixture was purified by flash chromatography 
(SiO2, 10% EtOAc in hexanes) and the title compound (1.75 
g) isolated as a white foam. 
0881 Step C. 4-Amino-7-3,5-bis-O-(2,4-dichlorophe 
nylmethvl)-2-C-vinyl-f-D-ribofuranosyl-7H-pyrrolo2,3- 
dpyrimidine 

0882. The compound from Step B (80, mg) was dissolved 
in the minimum amount of 1,4-dioxane and placed in a 
stainless steel bomb. The bomb was cooled to -78 C. and 

liquid ammonia was added. The bomb was Sealed and heated 
at 90° C. for 1 day. The ammonia was allowed to evaporate 
and the residue concentrated to a white Solid which was used 

in the next Step without further purification. 

0883 Step D: 4-Amino-7-(2-C-vinyl-B-D-ribofurano 
syl)-7H-pyrrolo2,3-dipyrimidine 

0884) To a solution of the compound from Step C (60 mg) 
in dichloromethane at -78 C. was added boron trichloride 
(1M in dichloromethane) dropwise. The mixture was stirred 
at -78° C. for 2.5 h, then at -30° C. to -20° C. for 3 h. The 
reaction was quenched by addition of methanol/dichlo 
romethane (1:1) and the resulting mixture stirred at -15° C. 
for 0.5 h, then neutralized with aqueous ammonia at 0° C. 
and stirred at room temperature for 15 min. The Solid was 
filtered and washed with methanol/dichloromethane (1:1). 
The combined filtrate was evaporated and the residue puri 
fied by flash chromatography (SiO, 10% methanol in 
EtOAc containing 0.1% triethylamine). The fractions con 
taining the product were evaporated to give the title com 
pound as a white Solid (10 mg). 

0885 H NMR (DMSO-d): 83.6 (m, 1H, H-5), 3.8 (m, 
1H, H-5"), 3.9 (m d. 1-H, H-4), 4.3 (t, 1H, H-3), 4.8–5.3(m, 
6H, CH=CH,2'-OH,3'-OH,5'-OH)6.12 (s, 1H, H-1). 6.59 
(d. 1H, H-5), 7.1 (brs, 1H, NH2), 7.43 (d. 1H, H-6), 8.01 (s, 
1H, H-2). ES-MS: Found: 291.1 (M-H); calc. for 
CHNO-H: 291.2. 
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Example 138 

0886 4-Amino-7-(2-C-hydroxymethyl-3-D-ribofurano 
syl)-7H-pyrrolo2,3-dipyrimidine 

0887 Step A: 4-Chloro-7-3,5-bis-O-(2,4-dichlorophe 
nylmethyl)-2-C-hydroxymethyl-B-D-ribofuranosyl-7H 
pyrrolo2,3-dipyrimidine 
0888 To a solution of the compound from Example 137, 
Step B (300 mg, 0.48 mmol) in 1,4-dioxane (5 mL) were 
added N-methylmorpholine-N-oxide (300 mg, 2.56 mmol) 
and osmium tetroxide (4% solution in water, 0.3 mL). The 
mixture was stirred in the dark for 14 h. The precipitate was 
removed by filtration through a celite plug, diluted with 
water (3x), and extracted with EtOAc. The EtOAc layer was 
dried over NaSO and concentrated in vacuo. The oily 
residue was taken up in dichloromethane (5 mL) and stirred 
over NaIO on silica gel (3 g, 10% NaIO) for 12 h. The 
Silica gel was removed by filtration and the residue was 
evaporated and taken up in absolute ethanol (5 mL). The 
Solution was cooled in an ice bath and Sodium borohydride 
(300 mg, 8 mmol) was added in Small portions. The resulting 
mixture was stirred at room temperature for 4 h and then 
diluted with EtOAc. The organic layer was washed with 
water (2x20 mL), brine (20 mL) and dried over NaSO. The 
Solvent was evaporated and the residue purified by flash 
chromatography (SiO2, 2:1 hexanes/EtOAc) to give the title 
compound (160 mg, 0.25 mmol) as white flakes. 
0889 Step B: 4-Amino-7-3,5-bis-O-(2,4-dichlorophe 
nylmethyl)-2-C-hydroxymethyl-B-D-ribofuranosyl-7H 
pyrrolo2,3-dipyrimidine 

0890) The compound from Step A (150 mg, 0.23 mmol) 
was dissolved in the minimum amount of 1,4-dioxane (10 
mL) and placed in a stainless steel bomb. The bomb was 
cooled to -78 C. and liquid ammonia was added. The bomb 
was sealed and heated at 90° C. for 1 day. The ammonia was 
allowed to evaporate and the residue concentrated to a white 
solid which was used in the next step without further 
purification. 
0891 Step C. 4-Amino-7-(2-C-hydroxymethyl-B-D-ri 
bofuranosyl)-7H-pyrrolo2,3-dipyrimidine 

0892. The compound from Step B (120 mg, 0.2 mmol) 
was dissolved in 1:1 methanol/dichloromethane, 10% Pd-C 
was added, and the Suspension Stirred under an H atmo 
sphere for 12 h. The catalyst was removed by filtration 
through a celite pad and washed with copious amounts of 
methanol. The combined filtrate was evaporated in vacuo 
and the residue was purified by flash chromatography (SiO, 
10% methanol in EtOAc containing 0.1% triethylamine) to 
give the title compound (50 mg) as a white powder. 
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0893) 'H NMR (CDOD): 83.12 (d. 1H, CH), 3.33 (d. 
1H, CH"), 3.82 (m, 1H, H-5), 3.99-4.1(m, 2H, H-4, H-5"), 
4.3 (d. 1H, H-3), 6.2 (s, 1H, H-1'), 6.58 (d. 1H, H-5), 7.45 
(d. 1H, H-6), 8.05 (s, 1H, H-2). LC-MS: Found: 297.2 
(M+H"); calc. for CHNO+H": 297.3. 

Example 139 

0894) 4-Amino-7-(2-C-fluoromethyl-f-D-ribofurano 
syl)-7H-pyrrolo2.3-dpyrimidine 

0895) Step A: 4-Chloro-7-3,5-bis-O-(2,4-dichlorophe 
nylmethyl)-2-C-fluoromethyl-B-D-ribofuranosyl-7H-pyr 
rolo2,3-dipyrimidine 

0896 To a solution of the compound from Example 138, 
Step A (63 mg, 0.1 mmol) in anhydrous dichloromethane (5 
mL) under argon, were added 4-dimethylaminopyridine 
(DMAP) (2 mg, 0.015 mmol) and triethylamine (62 uL, 0.45 
mmol). The Solution was cooled in an ice bath and p-tolu 
enesulfonyl chloride (30 mg, 0.15 mmol) was added. The 
reaction was stirred at room temperature overnight, washed 
with NaHCO (2x10 mL), water (10 mL), brine (10 mL), 
dried over NaSO and concentrated to a pink Solid in vacuo. 
The solid was dissolved in anhydrous THF (5 mL) and 
cooled in an icebath. Tetrabutylammonium fluoride (1M 
solution in THF, 1 mL, 1 mmol) was added and the mixture 
stirred at room temperature for 4 h. The solvent was 
removed in vacuo, the residue taken up in dichloromethane, 
and washed with NaHCO (2x10 mL), water (10 mL) and 
brine (10 mL). The dichloromethane layer was dried over 
anhydrous Na2SO, concentrated in vacuo, and purified by 
flash chromatography (SiO2, 2:1 hexanes/EtOAc) to afford 
the title compound (20 mg) as a white Solid. 
0897 Step B: 4-Amino-7-3,5-bis-O-(2,4-dichlorophe 
nylmethyl)-2-C-fluoromethyl-B-D-ribofuranosyl-7H-pyr 
rolo2,3-dipyrimidine 

0898. The compound from Step A (18 mg, 0.03 mmol) 
was dissolved in the minimum amount of 1,4-dioxane and 
placed in a stainless steel bomb. The bomb was cooled to 
-78 C. and liquid ammonia was added. The bomb was 
sealed and heated at 90° C. for 1 day. The ammonia was 
allowed to evaporate and the residue concentrated to a white 
solid which was used in the next step without further 
purification. 
0899) Step C: 4-Amino-7-(2-C-fluoromethyl-f-D-ribo 
furanosyl)-7H-pyrrolo2,3-dpyrimidine 
0900. The compound from Step B (16 mg) was dissolved 
in 1:1 methanol/dichloromethane, 10% Pd-C was added, and 
the Suspension Stirred under an H atmosphere for 12 h. The 
catalyst was removed by filtration through a celite pad and 
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washed with copious amounts of methanol. The combined 
filtrate was evaporated in vacuo and the residue was purified 
by flash chromatography (SiO2, 10% methanol in EtOAc 
containing 0.1% triethylamine) to give the title compound (8 
mg) as a white powder. 

0901) H NMR (DMSO-d): 83.6-3.7 (m, 1H, H-5'), 
3.8-4.3 (m, 5H, H-5", H-4, H-3', CH,) 5.12 (t, 1H, 5'-OH), 
5.35 (d. 1H, 3'-OH), 5.48 (s, 1H,2'-OH), 6.21 (s, 1H, H-1'), 
6.52 (d. 1H, H-5), 6.98 (brs, 2H, NH2), 7.44 (d. 1H, H-6), 
8.02 (s, 1H, H-2). 'F NMR (DMSO-d): 8-230.2 (t). 
0902) ES-MS: Found: 
CHFNO+H: 299.27. 

299.1 (M+H"), calc.for 

Examples 140 and 141 

0903) 7-(3-Deoxy-2-C-methyl-f-D-ribofuranosyl)-7H 
pyrrolo2,3-dipyrimidine and 7-(3-deoxy-2-C-methyl-f-D- 
arabinofuranosyl)-7H-pyrrolo2,3-dipyrimidine 

O N N 
HO 

OH 

e 
C 

0904) Step A: 7-2,5-Bis-O-(tert-butyldimethylsilyl)-(3- 
D-ribofuranosyl-7H-pyrrolo2,3-dipyrimidine and 7-3,5- 
Bis-O-(tert-butyldimethylsilyl)-3-D-ribofuranosyl-7H-pyr 
rolo2,3-dipyrimidine 

0905) To a stirred solution of tubercidin (5.0 g, 18.7 
mmol) in a mixture of pyridine (7.5 mL) and DMF (18.5 
mL) was added silver nitrate (6.36 g., 38.8 mmol). This 
mixture was Stirred at room temperature for 2 h. It was 
cooled in an ice bath and THF (37.4 mL) and tert-butyldim 
ethylsilyl chloride (5.6 g., 37 mmol) was added and the 
mixture was stirred at room temperature for 2 h. The mixture 
was then filtered through a pad of celite and washed with 
THF. The filtrate and washings were diluted with ether 
containing a Small amount of chloroform. The organic layer 
was washed Successively with Sodium bicarbonate and water 
(3x50 mL), dried over anhydrous sodium sulfate and con 
centrated. The pyridine was removed by coevaporation with 
toluene and the residue was purified by flash chromatogra 
phy on silica gel using 5-7% MeOH in CHCl as the eluent; 
yield 3.0 g. 
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0906 Step B: 7-2,5-Bis-O-(tert-butyldimethylsilyl)-(3- 
D-ribofuranosyl)-4-di-(4-methoxyphenyl)phenylmethyl 
amino-7H-pyrrolo2,3-dipyrimidine and 7-3,5-bis-O-(tert 
butyldimethylsilyl)-B-D-ribofuranosyl)-4-di-(4- 
methoxyphenyl)phenylmethylamino-7H-pyrrolo2,3-d 
pyrimidine 

0907 To a solution of mixture of the compounds from 
Step A (3.0 g, 6.0 mmol) in anhydrous pyridine (30 mL) was 
added 4,4'-dimethoxytrityl chloride (2.8 g., 8.2 mmol) and 
the reaction mixture was stirred at room temperature over 
night. The mixture was then triturated with aqueous pyridine 
and extracted with ether. The organic layer was washed with 
water, dried over anhydrous Sodium Sulfate and concentrated 
to a yellow foam (5.6 g). The residue was purified by flash 
chromatography over Silica gel using 20-25%. EtOAC in 
hexanes as the eluent. The appropriate fractions were col 
lected and concentrated to furnish 2',5'-O-bis-O-(tert-bu 
tyldimethylsilyl)-and 3',5'-bis-O-(tert-butyldimethylsilyl) 
protected nucleosides as colorless foams (2.2 g and 1.0 g, 
respectively). 
0908 Step C: 7-2,5-Bis-O-(tert-butyldimethylsilyl)-3- 
O-tosyl-B-D-ribofuranosyl)-4-di-(4-methoxyphenol)phe 
nylmethylamino-7H-pyrrolo2,3-dpyrimidine 

0909 To an ice-cooled solution of 2',5'-bis-O-(tert-bu 
tyldimethylsilyl)-protected nucleoside from Step B (2.0 g, 
2.5 mmol) in pyridine (22 mL) was added p-toluenesulfonyl 
chloride (1.9 g, 9.8 mmol). The reaction mixture was stirred 
at room temperature for four days. It was then triturated with 
aqueous pyridine (50%, 10 mL) and extracted with ether 
(3x50 mL) containing a small amount of CHCl (10 mL). 
The organic layer was washed with Sodium bicarbonate and 
water (3x30 mL). The organic layer was dried over anhy 
drous NaSO and concentrated. Pyridine was removed by 
co-evaporation with toluene (3x25 mL). The residual oil was 
filtered through a pad of Silica gel using hexane:ethyl acetate 
(70:30) as eluent; yield 1.4g. 
0910 Step D: 4-di-(4-methoxyphenyl)phenylmethyl 
amino-7-3-O-tosyl-f-D-ribofuranosyl-7H-pyrrolo2,3-d 
pyrimidine 

0911) A solution of the compound from Step C (1.0 g, 1.1 
mmol) and THF (10 mL) was stirred with tetrabutylammo 
nium fluoride (1M solution in THF, 2.5 mL) for 0.5 h. The 
mixture was cooled and diluted with ether (50 mL). The 
solution was washed with water (3x50 mL), dried over 
anhydrous Na2SO and concentrated to an oil. The residue 
was purified by passing through a pad of Silica gel using 
hexane: ethyl acetate (1:1) as eluent; yield 780 mg. 
0912 Step E: 7-(3-Deoxy-2-C-methyl-f-D-ribofurano 
syl)-7H-pyrrolo2,3-d-pyrimidine and 7-(3-Deoxy-2-C- 
methyl-3-D-arabinofuranosyl)-7H-pyrrolo-2,3-dipyrimi 
dine 

0913) A solution of CHMgI (3.0 M solution in ether, 3.0 
mL) in anhydrous toluene (3.75 mL) was cooled in an ice 
bath. To this was added a solution of the compound from 
Step D (500 mg, 0.8 mmol) in anhydrous toluene (3.7 mL). 
The resulting mixture was stirred at room temperature for 
3.5 h. It was cooled and treated with aqueous NHCl 
solution and extracted with ether (50 mL containing 10 mL 
of CH2Cl2). The organic layer was separated and washed 
with brine (2x30 mL) and water (2x25 mL), dried over 
anhydrous Na2SO and concentrated to an oil which was 
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purified by flash chromatography on Silica gel using 4% 
MeOH in CHCl to furnish the 2-C-O-methyl compound 
(149 mg) and the 2-C-B-methyl compound (34 mg). These 
derivatives were separately treated with 80% acetic acid and 
the reaction mixture Stirred at room temperature for 2.5 h. 
The acetic acid was removed by repeated co-evaporation 
with ethanol and toluene. The residue was partitioned 
between chloroform and water. The aqueous layer was 
washed with chloroform and concentrated. The evaporated 
residue was purified on silica gel using 5-10% MeOH in 
CHCl as the eluent to furnish the desired compounds as 
white Solids. 

0914) 7-(3-Deoxy-2-C-methyl-f-D-ribofuranosyl)-7H 
pyrrolo2,3-dipyrimidine (9.0 mg): 
0915 H NMR (DMSO-d): 80.74 (s, 3H, CH), 1.77 
(dd, 1H, H-3), 2.08 (t, 1H, H-3"), 3.59 (m, 1H, H-5), 3.73 
(m, 1H, H-5"), 4.15 (m, 1H, H-4), 5.02 (t, 1H, OH-5), 5.33 
(s, 1H, OH-2), 6.00 (s, 1H, H-1'), 6.54 (d. 1H, H-7), 6.95 (br 
s, 2H, NH), 7.47 (d. 1H, H-8), 8.00 (s, 1H, H-2); ES-MS: 
263.1 M-H). 
0916 7-(3-Deoxy-2-C-methyl-B-D-arabinofuranosyl)- 
7H-pyrrolo2,3-dipyrimidine (15 mg): 

0917 H NMR (DMSO-d): 81.23 (s, 3H, CH,), 2.08 
(ddd, 2H, H-3' and 3"), 3.57 (m, 2H, H-5' and 5"), 4.06 (m, 
1H, H-4), 5.10 (s, 1H, OH-2), 5.24 (t, 1H, OH-5), 6.01 (s, 
1H, H-1'), 6.49 (d. 1H, H-7),6.89 (brs, 2H, NH), 7.35 (d. 
1H, H-8), 8.01 (s.1H.H-2). ES-MS. 265.2M+H). 

Example 142 

0918) 4-Amino-7-(2,4-C-dimethyl-B-D-ribofuranosyl)- 
7H-pyrrolo2,3-dipyrimidine 

NH2 

( NN 
2 O N N 

HO s 
Mey Me 

0919) Step A: 5-Deoxy-1,2-O-isopropylidene-D-xylo 
furanose 

0920 12-O-Isopropylidene-D-xylofuranose (38.4g, 0.2 
mol), 4-dimethylaminopyridine (5 g), triethylamine (55.7 
mL, 0.4 mol) were dissolved in dichloromethane (300 mL). 
p-Toluenesulfonyl chloride (38.13 g, 0.2 mol) was added 
and the reaction mixture was Stirred at room temperature for 
2 hours. The reaction mixture was then poured into Saturated 
aqueous sodium bicarbonate (500 mL) and the two layers 
were Separated. The organic layer was washed with aqueous 
citric acid solution (20%, 200 mL), dried (Na2SO) and 
evaporated to give a solid (70.0 g). The solid was dissolved 
in dry THF (300 mL) and LiAlH (16.0 g, 0.42 mol) was 
added in portions over 30 min. The mixture was stirred at 
room temperature for 15 hours. Ethyl acetate (100 mL) was 
added dropwise over 30 min and the mixture was filtered 
through a Silica gel bed. The filtrate was concentrated and 
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the resulting oil was chromatographed on Silica gel (EtOAC/ 
hexane 1/4) to afford the product as a solid (32.5 g). 
0921) Step B: 3,5-Bis-O-(2,4-dichlorophenylmethyl)-1- 
O-methyl-4-methyl-O-D-ribofuranose 

0922 Chromium oxide (50 g., 0.5 mol), acetic anhydride 
(50 mL, 0.53 mol) and pyridine (100 mL, 1.24 mol) were 
added to dichloromethane (1L) in an ice water bath and the 
mixture was stirred for 15 min. 5-Deoxy-1,2-O-isopropy 
lidene-D-xylofuranose (32 g, 0.18 mol) in dichloromethane 
(200 mL) was added, and the mixture was stirred at the same 
temperature for 30 min. The reaction solution was diluted 
with ethyl acetate (1L) and filtered through a silica gel bed. 
The filtrate was concentrated to give a yellow oil. The oil 
was dissolved in 1,4-dioxane (1 L) and formaldehyde (37%, 
200 mL). The solution was cooled to 0° C. and-solid KOH 
(50 g) was added. The mixture was stirred at room tempera 
ture overnight and was then extracted with ethyl acetate 
(6x200 mL). After concentration, the residue was chromato 
graphed on Silica gel (EtOAc) to afford the product as an oil 
(1.5 g). The oil was dissolved in 1-methyl-2-pyrrolidinone 
(20 mL) and 2,4-dichlorophenylmethyl chloride (4g, 20.5 
mmol) and NaH (60%, 0.8 g) were added. The mixture was 
stirred overnight and diluted with toluene (100 mL). The 
mixture was then washed with Saturated aqueous Sodium 
bicarbonate (3x50 mL), dried (NaSO) and evaporated. The 
residue was dissolved in methanol (50 mL) and HCl in 
dioxane (4 M, 2 mL) was added. The solution was stirred 
overnight and evaporated. The residue was chromato 
graphed on Silica gel (EtOAC/hexane: 1/4) to afford the 
desired product as an oil (2.01 g). 
0923 Step C: 3.5-Bis-O-(2,4-dichlorophenylmethyl)-2, 
4-di-C-methyl-1-O-methyl-O-D-ribofuranose 

0924. The product (2.0 g, 4.0 mmol) from Step B and 
Dess-Martin periodinane (2.0 g) in dichloromethane (30 
mL) were stirred overnight at room temperature and was 
then concentrated under reduced pressure. The residue was 
triturated with ether ether (50 mL) and filtered. The filtrate 
was washed with a solution of NaSO.5H2O (2.5 g) in 
Saturated aqueous Sodium bicarbonate Solution (50 mL), 
dried (MgSO), filtered and evaporated. The residue was 
dissolved in anhydrous EtO (20 mL) and was added drop 
wise to a solution of MeMgBr in Et2O (3 M, 10 mL) at -78° 
C. The reaction mixture was allowed to warm to -30° C. and 
stirred at -30° C. to -15 C. for 5 h, then poured into 
Saturated aqueous ammonium chloride (50 mL). The two 
layers were Separated and the organic layer was dried 
(MgSO), filtered and concentrated. The residue was chro 
matographed on silica gel (EtOAc/hexane: 1/9) to afford the 
title compound as a Syrup (1.40 g). 
0925) Step D: 4-Chloro-7-3,5-bis-O-(2,4-dichlorophe 
nylmethyl)-2,4-di-C-methyl-B-D-ribofuranosyl-7H-pyr 
rolo2,3-dipyrimidine 

0926 To the compound from Step C (0.70 g, 1.3 mmol) 
was added HBr (5.7 M in acetic acid, 2 mL). The resulting 
Solution was Stirred at room temperature for 1 h, evaporated 
in vacuo and co-evaporated with anhydrous toluene (3x10 
mL). 4-Chloro-1H-pyrrolo2,3-dipyrimidine (0.5 g, 3.3 
mmol) and powdered KOH (85%, 150 mg, 2.3 mmol) were 
stirred in 1-methyl-2-pyrrolidinone (5 mL) for 30 min and 
the mixture was co-evaporated with toluene (10 mL). The 
resulting Solution was poured into the above bromo Sugar 
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residue and the mixture was Stirred overnight. The mixture 
was diluted with toluene (50 mL), washed with water (3x50 
mL) and concentrated under reduced pressure. The residue 
was chromatographed on Silica gel eluting with (EtOAc/ 
Hexane 15/85) to afford a solid (270 mg). 
0927 Step E: 4-Amino-7-(2,4-di-C-methyl-3-D-ribo 
furanosyl)-7H-pyrrolo2,3-dipyrimidine 
0928 The compound from Step D (270 mg) was dis 
Solved in dioxane (2 mL) and liquid ammonia (20g) was 
added in a stainleSS Steel autoclave. The mixture was heated 
at 100° C. for 15 hours, then cooled and evaporated. The 
residue was chromatographed on Silica gel (EtOAc) to afford 
a solid (200 mg). The solid (150 mg) and Pd/C (10% 150 
mg) in methanol (20 mL) were shaken under H. (30 psi) for 
3 h, filtered and evaporated. The residue was chromato 
graphed on silica gel (MeOH/CH.Cl: 1/9) to afford the 
desired product as a Solid (35 mg). 
0929 H NMR (DMSO-d): 80.65 (s, 3H), 1.18 (s, 3H), 
3.43 (m, 2H), 4.06 (d. 1H, J 6.3 Hz), 4.87 (s, 1H), 5.26 (br, 
1H), 5.08 (d. 1H, J 6.3 Hz), 5.25 (t, 1H, J 3.0 Hz), 6.17 (s, 
1H), 6.54 (d. 1H, J 3.5 Hz), 6.97 (s, br, 2H), 7.54 (d. 1H, J 
3.4 Hz), 8.02 (s, 1H). 'C NMR (DMSO-d): 818.19, 21.32, 
65.38, 73.00, 79.33, 84.80, 90.66, 99.09, 102.41, 12.90, 
149.58, 151.48, 157.38. LC-MS: Found: 295.1 (M+H"); 
calculated for CHN+H: 295.1 

Example 143 
0930 4-Amino-7-(3-deoxy-3-fluoro-2-C-methyl-B-D-ri 
bofuranosyl)-7H-pyrrolo2,3-dipyrimidine 

0931 Step A: 3-Deoxy-3-fluoro-1-O-methyl-5-O-tolu 
oyl-C-D-ribofuranose 
0932 1.2-O-Isopropylidene-D-xylofuranose (9.0 g, 50 
mmol) and p-toluoyl chloride (7.0 mL, 50 mmol) in pyridine 
(50 mL) were stirred for 30 min. Water (10 mL) was added 
and the mixture was concentrated under reduced pressure. 
The residue was dissolved in toluene (500 mL) and the 
solution was washed with water (200 mL) and saturated 
aqueous sodium bicarbonate (200 mL). The two layers were 
Separated and the organic layer was evaporated. The residue 
was dissolved in methanol (100 mL) and HCl in dioxane (4 
M, 10 mL) was added. The mixture was stirred at room 
temperature overnight and was then evaporated under 
reduced pressure. The resulting oil was chromatographed on 
silica gel (EtOAc/hexane: 1/1) to afford an oil (10.1 g). The 
oil was dissolved in dichloromethane (100 mL) and diethy 
laminosulfur trifluoride (DAST) (5.7 mL) was added. The 
mixture was Stirred overnight and was then poured into 
Saturated aqueous Sodium bicarbonate Solution (100 mL). 
The mixture was extracted with toluene (2x50 mL) and the 



US 2004/OO14957 A1 

combined organic layers were concentrated. The residue was 
chromatographed on silica gel (EtOAc/hexane: 15/85) to 
afford the title compound as an oil (1.50 g). 
0933) Step B: 3-Deoxy-3-fluoro-2-C-methyl-1-O-me 
thyl-O-O-toluoyl-C-D-ribofuranose 

0934) The product from Step A (1.0 g, 3.5 mmol) and 
Dess-Martin periodinane (2.5 g) in dichloromethane (20 
mL) were stirred overnight at room temperature and was 
then concentrated under reduced pressure. The residue was 
triturated with diethyl ether (50 mL) and filtered. The filtrate 
was washed with a solution of NaSO. 5H2O (12.5 g) in 
Saturated aqueous Sodium bicarbonate (100 mL), dried 
(MgSO), filtered and evaporated. The residue was dis 
solved in anhydrous THF (50 mL). TiCl (3 mL) and methyl 
magnesium bromide in ethyl ether (3 M, 10 mL) were added 
at -78 C. and the mixture was stirred at -50 to -30° C. for 
2 h. The mixture was poured into Saturated aqueous Sodium 
bicarbonate solution (100 mL) and filtered through Celite. 
The filtrate was extracted with toluene (100 mL) and evapo 
rated. The residue was chromatographed on Silica gel 
(EtOAc/hexane: 15/85) to afford the title compound as an oil 
(150 mg). 
0935 Step C. 4-Amino-7-(3-deoxy-3-fluoro-2-C-me 
thyl-f-D-ribofuranosyl)-7H-pyrrolo2,3-dipyrimidine 
0936) The product from Step B (150 mg, 0.5 mmol) was 
dissolved in HBr (30%) in acetic acid (2 mL). After one 
hour, the mixture was evaporated under reduced preSSure 
and co-evaporated with toluene (10 mL). 4-Chloro-1H 
pyrrolo2,3-dipyrimidine (0.5 g., 3.3 mmol) and powdered 
KOH (85%, 150 mg, 2.3 mmol) were stirred in DMF (3 mL) 
for 30 min and the mixture was co-evaporated with toluene 
(2 mL). The resulting Solution was poured into the above 
bromo Sugar and the mixture was stirred overnight. The 
mixture was diluted with toluene (50 mL), washed with 
water (3x50 mL) and concentrated under reduced pressure. 
The residue was chromatographed on Silica gel (EtOAC/ 
hexane 15/85) to afford an oil (60 mg). The oil was dissolved 
in dioxane (2 mL) and liquid ammonia (20g) was added in 
a stainless steel autoclave. The mixture was heated at 85 C. 
for 18 hours, then cooled and evaporated. The residue was 
chromatographed on Silica gel (methanol/dichloromethane: 
1/9) to afford the title compound as a solid (29 mg). 
0937 H NMR (DMSO-d): 80.81 (s, 3H), 3.75 (m, 2H), 
4.16 (m, 1H), 5.09 (dd, 1H, J 53.2, 7.8 Hz), 5.26 (br, 1H), 
5.77 (s, 1H), 6.15 (d. 1H, J 2.9 Hz), 6.59 (d. 1H, J 3.4 Hz), 
7.02 (s br, 2H), 7.39 (d. 1H, J 3.4 Hz), 8.06 (s, 1H). 
0938) 13C NMR (DMSO-d): 19.40, 59.56, 77.24, 79.29, 
90.15, 91.92, 99.88, 102.39,121.17, 149.80, 151.77, 157.47. 

0939 °F NMR (DMSO-d): 814.66 (m). 
0940 ES-MS: Found: 283.1 (M+H"); calculated for 
CHFNO+H": 283.1 
0941 Representative Preparation of Nucleoside Amidites 
0942 Exocyclic moieties, e.g., exocyclic amino moieties, 
on the heterocyclic moiety (also referenced as the base or 
nucleobase) of nucleosides are protected during oligonucle 
otide Synthesis utilizing blocking groups as are know in the 
art, e.g., benzoyl blocking group for protection of amines. 
Further for those nucleoside units that include a hydroxyl 
group on the Sugar moiety of the nucleoside, appropriate 
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hydroxyl blocking groups, e.g., t-butylsilyl, are utilized to 
protect the hydroxyl group during oligonucleotide Synthesis, 
also as is know is the art of oligonucleotide Synthesis. 

Example 225 

0943 Nucleoside Phosphoramidites for Oligonucleotide 
Synthesis Deoxy and 2'-alkoxy amidites 
0944. 2'-Deoxy and 2'-methoxy beta-cyanoethyldiisopro 
pyl phosphoramidites were purchased from commercial 
Sources (e.g. Chemgenes, Needham Mass. or Glen Research, 
Inc. Sterling Va.). Other 2'-O-alkoxy substituted nucleoside 
amidites are prepared as described in U.S. Pat. No. 5,506, 
351, herein incorporated by reference. For oligonucleotides 
Synthesized using 2-alkoxy amidites, optimized Synthesis 
cycles were developed that incorporate multiple Steps cou 
pling longer wait times relative to Standard Synthesis cycles. 
0945. The following abbreviations are used in the text: 
thin layer chromatography (TLC), melting point (MP), high 
pressure liquid chromatography (HPLC), Nuclear Magnetic 
Resonance (NMR), argon (Ar), methanol (MeOH), dichlo 
romethane, (CHCI), triethylamine (TEA), dimethyl for 
mamide (DMF), ethyl acetate (EtOAc), dimethyl sulfoxide 
(DMSO), tetrahydrofuran (THF). 
0946 Oligonucleotides containing 5-methyl-2'-deoxycy 
tidine (5-Me-dC) nucleotides were synthesized according to 
published methods (Sanghvi, et. al., Nucleic Acids Research, 
1993, 21, 3197-3203) using commercially available phos 
phoramidites (Glen Research, Sterling Va. or ChemGenes, 
Needham Mass.) or prepared as follows: 

Example 226 

0947 5'-O-Dimethoxytrityl-thymidine intermediate for 
5-methyl dC amidite 
0948. To a 50 L. glass reactor equipped with air stirrer and 
Ar gas line was added thymidine (1.00 kg, 4.13 mol) in 
anhydrous pyridine (6 L) at ambient temperature. Dimethox 
ytrityl (DMT) chloride (1.47 kg, 4.34 mol, 1.05 eq) was 
added as a solid in four portions over 1 h. After 30 min, TLC 
indicated approx. 95% product, 2% thymidine, 5% DMT 
reagent and by-products and 2%. 3',5'-bis DMT product (Rf 
in EtOAc 0.45, 0.05, 0.98, 0.95 respectively). Saturated 
sodium bicarbonate (4 L) and CHCl were added with 
stirring (pH of the aqueous layer 7.5). An additional 18 L of 
water was added, the mixture was stirred, the phases were 
Separated, and the organic layer was transferred to a Second 
50 L vessel. The aqueous layer was extracted with additional 
CHCl (2x2 L). The combined organic layer was washed 
with water (10 L) and then concentrated in a rotary evapo 
rator to approx. 3.6 kg total weight. This was redissolved in 
CHCl (3.5 L), added to the reactor followed by water (6 L) 
and hexanes (13 L). The mixture was vigorously stirred and 
Seeded to give a fine white Suspended Solid Starting at the 
interface. After Stirring for 1 h, the Suspension was removed 
by suction through a /2" diameter teflon tube into a 20 L 
Suction flask, poured onto a 25 cm Coors Buchner funnel, 
washed with water (2x3 L) and a mixture of hexanes 
CHCl (4:1, 2x3 L) and allowed to air dry overnight in pans 
(1"deep). This was further dried in a vacuum oven (75 C., 
0.1 mm Hg, 48 h) to a constant weight of 2072 g (93%) of 
a white solid, (mp 122-124° C). TLC indicated a trace 
contamination of the bis DMT product. NMR spectroscopy 
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also indicated that 1-2 mole percent pyridine and about 5 
mole percent of hexanes was still present. 
0949) 5'-O-Dimethoxytrityl-2'-deoxy-5-methylcytidine 
intermediate for 5-methyl-dC amidite 
0950 To a 50 L Schott glass-lined steel reactor equipped 
with an electric Stirrer, reagent addition pump (connected to 
an addition funnel), heating/cooling System, internal ther 
mometer and an Argas line was added 5'-O-dimethoxytrityl 
thymidine (3.00 kg, 5.51 mol), anhydrous acetonitrile (25 L) 
and TEA (12.3 L, 88.4 mol, 16 eq). The mixture was chilled 
with stirring to -10° C. internal temperature (external -20° 
C). Trimethylsilylchloride (2.1 L, 16.5 mol, 3.0 eq) was 
added over 30 minutes while maintaining the internal tem 
perature below -5' C., followed by a wash of anhydrous 
acetonitrile (1 L). Note: the reaction is mildly exothermic 
and copious hydrochloric acid fumes form over the course of 
the addition. The reaction was allowed to warm to 0° C. and 
the reaction progress was confirmed by TLC (EtOAc-hex 
anes 4:1; Rf 0.43 to 0.84 of starting material and silyl 
product, respectively). Upon completion, triazole (3.05 kg, 
44 mol, 8.0 eq) was added the reaction was cooled to -20° 
C. internal temperature (external -30° C). Phosphorous 
oxychloride (1035 mL, 11.1 mol, 2.01 eq) was added over 
60 min so as to maintain the temperature between -20° C. 
and -10 C. during the Strongly exothermic process, fol 
lowed by a wash of anhydrous acetonitrile (1 L). The 
reaction was warmed to 0° C. and stirred for 1 h. TLC 
indicated a complete conversion to the triazole product (Rf 
0.83 to 0.34 with the product spot glowing in long wave 
length UV light). The reaction mixture was a peach-colored 
thick Suspension, which turned darker red upon warming 
without apparent decomposition. The reaction was cooled to 
-15 C. internal temperature and water (5 L) was slowly 
added at a rate to maintain the temperature below +10 C. in 
order to quench the reaction and to form a homogenous 
Solution. (Caution: this reaction is initially very strongly 
exothermic). Approximately one-half of the reaction volume 
(22 L) was transferred by air pump to another vessel, diluted 
with EtOAc (12 L) and extracted with water (2x8 L). The 
combined water layers were back-extracted with EtOAc (6 
L). The water layer was discarded and the organic layers 
were concentrated in a 20 L rotary evaporator to an oily 
foam. The foam was coevaporated with anhydrous acetoni 
trile (4 L) to remove EtOAc. (note: dioxane may be used 
instead of anhydrous acetonitrile if dried to a hard foam). 
The Second half of the reaction was treated in the same way. 
Each residue was dissolved in dioxane (3 L) and concen 
trated ammonium hydroxide (750 mL) was added. A homog 
enous Solution formed in a few minutes and the reaction was 
allowed to stand overnight (although the reaction is com 
plete within 1 h). 
0951) TLC indicated a complete reaction (product R0.35 
in EtOAc-MeOH 4:1). The reaction solution was concen 
trated on a rotary evaporator to a dense foam. Each foam was 
slowly redissolved in warm EtOAc (4 L; 50° C), combined 
in a 50 L. glass reactor vessel, and extracted with water (2x4 
L) to remove, the triazole by-product. The water was back 
extracted with EtOAc (2 L). The organic layers were com 
bined and concentrated to about 8 kg total weight, cooled to 
O C. and seeded with crystalline product. After 24 hours, the 
first crop was collected on a 25 cm Coors Buchner funnel 
and washed repeatedly with EtOAc (3x3 L) until a white 
powder was left and then washed with ethyl ether (2x3 L). 
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The Solid was put in pans (1" deep) and allowed to air dry 
overnight. The filtrate was concentrated to an oil, then 
redissolved in EtOAc (2 L), cooled and seeded as before. 
The second crop was collected and washed as before (with 
proportional solvents) and the filtrate was first extracted with 
water (2x1 L) and then concentrated to an oil. The residue 
was dissolved in EtOAc (1L) and yielded a third crop which 
was treated as above except that more Washing was required 
to remove a yellow oily layer. 

0952. After air-drying, the three crops were dried in a 
vacuum oven (50° C., 0.1 mm Hg, 24 h) to a constant weight 
(1750, 600 and 200 g, respectively) and combined to afford 
2550 g (85%) of a white crystalline product (MP 215-217 
C.) when TLC and NMR spectroscopy indicated purity. The 
mother liquor still contained mostly product (as determined 
by TLC) and a small amount of triazole (as determined by 
NMR spectroscopy), bis DMT product and unidentified 
minor impurities. If desired, the mother liquor can be 
purified by Silica gel chromatography using a gradient of 
MeOH (0-25%) in EtOAc to further increase the yield. 
0953) 5'-O-Dimethoxytrityl-2'-deoxy-N4-benzoyl-5-me 
thylcytidine penultimate intermediate for 5-methyl dC amid 
ite 

0954) Crystalline 5'-O-dimethoxytrityl-5-methyl-2'- 
deoxycytidine (2000 g, 3.68 mol) was dissolved in anhy 
drous DMF (6.0 kg) at ambient temperature in a 50 L. glass 
reactor vessel equipped with an air Stirrer and argon line. 
Benzoic anhydride (Chem Impex not Aldrich, 874 g, 3.86 
mol, 1.05 eq) was added and the reaction was stirred at 
ambient temperature for 8 h. TLC (CHCI-EtOAc; CHCI 
EtOAc 4:1; R? 0.25) indicated approx. 92% complete reac 
tion. An additional amount of benzoic anhydride (44g, 0.19 
mol) was added. After a total of 18 h, TLC indicated approx. 
96% reaction completion. The solution was diluted with 
EtOAc (20 L), TEA (1020 mL, 7.36 mol, ca 2.0 eq) was 
added with Stirring, and the mixture was extracted with 
water (15 L, then 2x10 L). The aqueous layer was removed 
(no back-extraction was needed) and the organic layer was 
concentrated in 2x20 L rotary evaporator flaskS until a foam 
began to form. The residues were coevaporated with aceto 
nitrile (1.5 L each) and dried (0.1 mm Hg, 25 C., 24 h) to 
2520 g of a dense foam. High preSSure liquid chromatog 
raphy (HPLC) revealed a contamination of 6.3% of N4, 
3'-O-dibenzoyl product, but very little other impurities. 

0955 The product was purified by Biotage column chro 
matography (5 kg. Biotage) prepared with 65:35:1 hexanes 
EtOAc-TEA (4L). The crude product (800 g).dissolved in 
CHCl2 (2 L), was applied to the column. The column was 
washed with the 65:35:1 solvent mixture (20 kg), then 
20:80:1 solvent mixture (10 kg), then 99:1 EtOAc:TEA (17 
kg). The fractions containing the product were collected, and 
any fractions containing the product and impurities were 
retained to be resubjected to column chromatography. The 
column was re-equilibrated with the original 65:35:1 solvent 
mixture (17 kg). A second batch of crude product (84.0 g) 
was applied to the column as before. The column was 
washed with the following solvent gradients: 65:35:1 (9 kg), 
55:45:1 (20 kg), 20:80:1 (10 kg), and 99:1 EtOAc:TEAC15 
kg). The column was reequilibrated as above, and a third 
batch of the crude product (850 g) plus impure fractions 
recycled from the two previous columns (28 g) was purified 
following the procedure for the second batch. The fractions 
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containing pure product combined and concentrated on a 20 
L rotary evaporator, co-evaporated with acetontirile (3 L) 
and dried (0.1 mm Hg, 48 h, 25 C.) to a constant weight of 
2023 g (85%) of white foam and 20 g of slightly contami 
nated product from the third run. HPLC indicated a purity of 
99.8% with the balance as the dibenzoyl product. 
0956) 5'-O-(4,4'-Dimethoxytriphenylmethyl)-2'-deoxy 
N'-benzoyl-5-methylcytidin-3'-O-yl)-2-cyanoethyl-N,N-di 
isopropylphosphoramidite (5-methyl dC amidite) 
0957) 5'-O-(4,4'-Dimethoxytriphenylmethyl)-2'-deoxy 
N'-benzoyl-5-methylcytidine (998 g, 1.5 mol) was dis 
solved in anhydrous DMF (2 L). The solution was co 
evaporated with toluene (300 ml) at 50° C. under reduced 
preSSure, then cooled to room temperature and 2-cyanoethyl 
tetraisopropylphosphorodiamidite (680 g, 2.26 mol) and 
tetrazole (52.5g, 0.75 mol) were added. The mixture was 
shaken until all tetrazole was dissolved, N-methylimidazole 
(15 ml) was added and the mixture was left at room 
temperature for 5 hours. TEA (300 ml) was added, the 
mixture was diluted with DMF (2.5 L) and water (600 ml), 
and extracted with hexane (3x3 L). The mixture was diluted 
with water (1.2 L) and extracted with a mixture of toluene 
(7.5 L) and hexane (6 L). The two layers were separated, the 
upper layer was washed with DMF-water (7:3 V/V, 3x2 L) 
and water (3x2 L), and the phases were separated. The 
organic layer was dried (Na2SO), filtered and rotary evapo 
rated. The residue was co-evaporated with acetonitrile (2x2 
L) under reduced pressure and dried to a constant weight 
(25 C., 0.1 mm Hg, 40h) to afford 1250 g an off-white foam 
solid (96%). 

Example 227 

0958) 2'-Fluoro amidites 
0959 2'-Fluorodeoxyadenosine amidites 
0960 2'-fluoro oligonucleotides were synthesized as 
described previously Kawasaki, et. al., J. Med. Chem., 
1993, 36, 831-841) and U.S. Pat. No. 5,670,633, herein 
incorporated by reference. The preparation of 2'-fluoropy 
rimidines containing a 5-methyl Substitution are described in 
U.S. Pat. No. 5,861,493. Briefly, the protected nucleoside 
N6-benzoyl-2'-deoxy-2'-fluoroadenosine was synthesized 
utilizing commercially available 9-beta-D-arabinofuranosy 
ladenine as Starting material and whereby the 2-alpha-fluoro 
atom is introduced by a SN2-displacement of a 2'-beta 
triflate group. Thus N6-benzoyl-9-beta-D-arabinofuranosy 
ladenine was Selectively protected in moderate yield as the 
3',5'-ditetrahydropyranyl (THP) intermediate. Deprotection 
of the THP and N6-benzoyl groups was accomplished using 
standard methodologies to obtain the 5'-dimethoxytrityl 
(DMT) and 5'-DMT-3'-phosphoramidite intermediates. 
0961 2'-Fluorodeoxyguanosine 
0962. The synthesis of 2'-deoxy-2'-fluoroguanosine was 
accomplished using tetraisopropyldisiloxanyl (TPDS) pro 
tected 9-beta-D-arabinofuranosylguanine as Starting mate 
rial, and conversion to the intermediate isobutyryl-arabino 
furanosylguanosine. Alternatively, isobutyryl 
arabinofuranosylguanosine was prepared as described by 
Ross et al., (Nucleosides & Nucleosides, 16, 1645, 1997). 
Deprotection of the TPDS group was followed by protection 
of the hydroxyl group with THP to give isobutyryl di-THP 
protected arabinofuranosylguanine. Selective O-deacylation 
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and triflation was followed by treatment of the crude product 
with fluoride, then deprotection of the THP groups. Standard 
methodologies were used to obtain the 5'-DMT and 
5'-DMT-3'-phosphoramidites. 

0963. 2'-Fluorouridine 
0964 Synthesis of 2'-deoxy-2'-fluorouridine was accom 
plished by the modification of a literature procedure in 
which 2,2'-anhydro-1-beta-D-arabinofuranosyluracil was 
treated with 70% hydrogen fluoride-pyridine. Standard pro 
cedures were used to obtain the 5'-DMT and 5'-DMT 
3'phosphoramidites. 
0965. 2'-Fluorodeoxycytidine 
0966 2'-deoxy-2'-fluorocytidine was synthesized via 
amination of 2'-deoxy-2'-fluorouridine, followed by selec 
tive protection to give N4-benzoyl-2'-deoxy-2'-fluorocyti 
dine. Standard procedures were used to obtain the 5'-DMT 
and 5'-DMT-3'phosphoramidites. 

Example 228 

0967 2'-O-(2-Methoxyethyl) modified amidites 
0968 2'-O-Methoxyethyl-substituted nucleoside amid 
ites (otherwise known as MOE amidites) are prepared as 
follows, or alternatively, as per the methods of Martin, P., 
(Helvetica Chimica Acta, 1995, 78, 486-504). 
0969) 2'-O-(2-Methoxyethyl)-5-methyluridine intermedi 
ate 

0970) 2,2'-Anhydro-5-methyl-uridine (2000 g, 8.32 mol), 
tris(2-methoxyethyl)borate (2504 g, 10.60 mol), sodium 
bicarbonate (60 g, 0.70 mol) and anhydrous 2-methoxyetha 
nol (5 L) were combined in a 12 L three necked flask and 
heated to 130 C. (internal temp) at atmospheric pressure, 
under an argon atmosphere with Stirring for 21 h. TLC 
indicated a complete reaction. The Solvent was removed 
under reduced pressure until a sticky gum formed (50-85 C. 
bath temp and 100-11 mm Hg) and the residue was redis 
solved in water (3 L) and heated to boiling for 30 min in 
order the hydrolyze the borate esters. The water was 
removed under reduced pressure until a foam began to form 
and then the process was repeated. HPLC indicated about 
77% product, 15% dimer (5' of product attached to 2' of 
Starting material) and unknown derivatives, and the balance 
was a Single unresolved early eluting peak. 
0971) The gum was redissolved in brine (3 L), and the 
flask was rinsed with additional brine (3 L). The combined 
aqueous Solutions were extracted with chloroform (20 L) in 
a heavier-than continuous extractor for 70 h. The chloroform 
layer was concentrated by rotary evaporation in a 20 L flask 
to a sticky foam (2400 g). This was coevaporated with 
MeOH (400 mL) and EtOAc (8 L) at 75° C. and 0.65 atm 
until the foam dissolved at which point the vacuum was 
lowered to about 0.5 atm. After 2.5 L of distillate was 
collected a precipitate began to form and the flask was 
removed from the rotary evaporator and Stirred until the 
Suspension reached ambient temperature. EtOAc (2 L) was 
added and the slurry was filtered on a 25 cm table top 
Buchner funnel and the product was washed with EtOAc 
(3x2 L). The bright white solid was air dried in pans for 24 
h then further dried in a vacuum oven (50° C., 0.1 mm Hg, 
24 h) to afford 1649 g of a white crystalline solid (mp 
115.5-116.5° C). 
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0972 The brine layer in the 20 L continuous extractor 
was further extracted for 72 h with recycled chloroform. The 
chloroform was concentrated to 120 g of oil and this was 
combined with the mother liquor from the above filtration 
(225 g), dissolved in brine (250 mL) and extracted once with 
chloroform (250 mL). The brine solution was continuously 
extracted and the product was crystallized as described 
above to afford an additional 178 g of crystalline product 
containing about 2% of thymine. The combined yield was 
1827 g (69.4%). HPLC indicated about 99.5% purity with 
the balance being the dimer. 
0973) 5'-O-DMT-2'-O-(2-methoxyethyl)-5-methyluri 
dine penultimate intermediate 
0974. In a 50 L. glass-lined steel reactor, 2'-O-(2-meth 
oxyethyl)-5-methyl-uridine (MOE-T, 1500 g, 4.738 mol), 
lutidine (1015 g, 9.476 mol) were dissolved in anhydrous 
acetonitrile (15 L). The solution was stirred rapidly and 
chilled to -10° C. (internal temperature). Dimethoxytriph 
enylmethyl chloride (1765.7g, 5.21 mol) was added as a 
Solid in one portion. The reaction was allowed to warm to 
-2' C. over 1 h. (Note: The reaction was monitored closely 
by TLC (EtOAc) to determine when to stop the reaction so 
as to not generate the undesired bis-DMT substituted side 
product). The reaction was allowed to warm from -2 to 3 
C. over 25 min. then quenched by adding MeOH (300 mL) 
followed after 10 min by toluene (16 L) and water (16 L). 
The Solution was transferred to a clear 50 L vessel with a 
bottom outlet, Vigorously Stirred for 1 minute, and the layers 
Separated. The aqueous layer was removed and the organic 
layer was washed Successively with 10% aqueous citric acid 
(8 L) and water (12 L). The product was then extracted into 
the aqueous phase by Washing the toluene Solution with 
aqueous sodium hydroxide (0.5N, 16 L and 8 L). The 
combined aqueous layer was overlayed with toluene (12 L) 
and solid citric acid (8 moles, 1270 g) was added with 
Vigorous Stirring to lower the pH of the aqueous layer to 5.5 
and extract the product into the toluene. The organic layer 
was washed with water (10 L) and TLC of the organic layer 
indicated a trace of DMT-O-Me, bis DMT and dimer DMT. 
0975. The toluene solution was applied to a silica gel 
column (6 L sintered glass funnel containing approx. 2 kg of 
silica gel slurried with toluene (2 L) and TEAC25 mL)) and 
the fractions were eluted with toluene (12 L) and EtOAc 
(3x4 L) using vacuum applied to a filter flask placed below 
the column. The first EtOAc fraction containing both the 
desired product and impurities were resubjected to column 
chromatography as above. The clean fractions were com 
bined, rotary evaporated to a foam, coevaporated with 
acetonitrile (6 L) and dried in a vacuum oven (0.1 mm Hg, 
40 h, 40° C) to afford 2850 g of a white crisp foam. NMR 
Spectroscopy indicated a 0.25 mole % remainder of aceto 
nitrile (calculates to be approx. 47 g) to give a true dry 
weight of 2803 g (96%). HPLC indicated that the product 
was 99.41% pure, with the remainder being 0.06 DMT-O- 
Me, 0.10 unknown, 0.44bis DMT, and no detectable dimer 
DMT or 3'-O-DMT 

0976 5'-O-(4,4'-Dimethoxyytriphenylmethyl)-2'-O-(2- 
methoxyethyl)-5-methyluridine-3'-O-yl)-2-cyanoethyl-N, 
N-diisopropylphosphoramidite (MOE Tamidite) 
0977 5'-O-(4,4'-Dimethoxytriphenylmethyl)-2'-O-(2- 
methoxyethyl)-5-methyluridine (1237 g, 2.0 mol) was dis 
solved in anhydrous DMF (2.5 L). The solution was co 
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evaporated with toluene (200 ml) at 50° C. under reduced 
preSSure, then cooled to room temperature and 2-cyanoethyl 
tetraisopropylphosphorodiamidite (900 g, 3.0 mol) and tet 
razole (70 g, 1.0 mol) were added. The mixture was shaken 
until all tetrazole was dissolved, N-methylimidazole (20 ml) 
was added and the Solution was left at room temperature for 
5 hours. TEA (300 ml) was added, the mixture was diluted 
with DMF (3.5 L) and water (600 ml) and extracted with 
hexane (3x3 L). The mixture was diluted with water (1.6 L) 
and extracted with the mixture of toluene (12 L) and hexanes 
(9 L). The upper layer was washed with DMF-water (7:3 V/V, 
3x3 L) and water (3x3 L). The organic layer was dried 
(Na2SO), filtered and evaporated. The residue was co 
evaporated with acetonitrile (2x2 L) under reduced pressure 
and dried in a vacuum oven (25 C., 0.1 mm Hg, 40 h) to 
afford 1526 g of an off-white foamy solid (95%). 
0978) 5'-O-Dimethoxytrityl-2'-O-(2-methoxyethyl)-5- 
methylcytidine intermediate 

0979 To a 50 L Schott glass-lined steel reactor equipped 
with an electric Stirrer, reagent addition pump (connected to 
an addition funnel), heating/cooling System, internal ther 
mometer and argon gas line was added 5'-O-dimethoxytri 
tyl-2'-O-(2-methoxyethyl)-5-methyl-uridine (2.616 kg, 4.23 
mol, purified by base extraction only and no Scrub column), 
anhydrous acetonitrile (20 L), and TEA (9.5 L, 67.7 mol, 16 
eq). The mixture was chilled with stirring to -10°C. internal 
temperature (external -20°C.). Trimethylsilylchloride (1.60 
L., 12.7 mol, 3.0 eq) was added over 30 min. while main 
taining the internal temperature below -5 C., followed by 
a wash of anhydrous acetonitrile (1 L). (Note: the reaction 
is mildly exothermic and copious hydrochloric acid fumes 
form over the course of the addition). The reaction was 
allowed to warm to 0 C. and the reaction progress was 
confirmed by TLC (EtOAc, Rf 0.68 and 0.87 for starting 
material and silyl product, respectively). Upon completion, 
triazole (2.34 kg, 33.8 mol, 8.0 eq) was added the reaction 
was cooled to -20° C. internal temperature (external -30° 
C.). Phosphorous oxychloride (793 mL, 8.51 mol, 2.01 eq) 
was added slowly over 60 min so as to maintain the 
temperature between -20° C. and -10° C. (note: strongly 
exothermic), followed by a wash of anhydrous acetonitrile 
(1 L). The reaction was warmed to 0°C. and stirred for 1 h, 
at which point it was an off-white thick suspension. TLC 
indicated a complete conversion to the triazole product 
(EtOAc, Rf 0.87 to 0.75 with the product spot glowing in 
long wavelength UV light). The reaction was cooled to -15 
C. and water (5 L) was slowly added at a rate to maintain the 
temperature below +10 C. in order to quench the reaction 
and to form a homogenous Solution. (Caution: this reaction 
is initially very strongly exothermic). Approximately one 
half of the reaction volume (22 L) was transferred by air 
pump to another vessel, diluted with EtOAc (12 L) and 
extracted with water (2x8 L). The second half of the reaction 
was treated in the same way. The combined aqueous layers 
were back-extracted with EtOAc (8 L) The organic layers 
were combined and concentrated in a 20 L rotary evaporator 
to an oily foam. The foam was coevaporated with anhydrous 
acetonitrile (4 L) to remove EtOAc. (note: dioxane may be 
used instead of anhydrous acetonitrile if dried to a hard 
foam). The residue was dissolved in dioxane (2 L) and 
concentrated ammonium hydroxide (750 mL) was added. A 
homogenous Solution formed in a few minutes and the 
reaction was allowed to Stand overnight 
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0980 TLC indicated a complete reaction (CH.Cl-ac 
etone-MeOH, 20:5:3, Rf 0.51). The reaction solution was 
concentrated on a rotary evaporator to a dense foam and 
slowly redissolved in warm CHCl (4 L, 40° C.) and 
transferred to a 20 L. glass extraction vessel equipped with 
a air-powered Stirrer. The organic layer was extracted with 
water (2x6 L) to remove the triazole by-product. (Note: In 
the first extraction an emulsion formed which took about 2 
h to resolve). The water layer was back-extracted with 
CHCl (2x2 L), which in turn was washed with water (3 L). 
The combined organic layer was concentrated in 2x20 L 
flasks to a gum and then recrystallized from EtOAc Seeded 
with crystalline product. After Sitting overnight, the first 
crop was collected on a 25 cm Coors Buchner funnel and 
washed repeatedly with EtOAc until a white free-flowing 
powder was left (about 3x3 L). The filtrate was concentrated 
to an oil recrystallized from EtOAc, and collected as above. 
The solid was air-dried in pans for 48 h, then further dried 
in a vacuum oven (50° C., 0.1 mm Hg, 17 h) to afford 2248 
g of a bright white, dense solid (86%). An HPLC analysis 
indicated both crops to be 99.4% pure and NMR spectros 
copy indicated only a faint trace of EtOAc remained. 
0981) 5'-O-dimethoxytrityl-2'-O-(2-methoxyethyl)-N4 
benzoyl-5-methyl-cytidine penultimate intermediate: 

0982) Crystalline 5'-O-dimethoxytrityl-2'-O-(2-methoxy 
ethyl)-5-methyl-cytidine (1000 g, 1.62 mol) was suspended 
in anhydrous DMF (3 kg) at ambient temperature and stirred 
under an Ar atmosphere. Benzoic anhydride (439.3 g, 1.94 
mol) was added in one portion. The solution clarified after 
5 hours and was stirred for 16 h. HPLC indicated 0.45% 
starting material remained (as well as 0.32% N4, 3'-O-bis 
Benzoyl). An additional amount of benzoic anhydride (6.0g, 
0.0265 mol) was added and after 17 h, HPLC indicated no 
starting material was present. TEA (450 mL, 3.24 mol) and 
toluene (6 L) were added with stirring for 1 minute. The 
solution was washed with water (4x4 L), and brine (2x4 L). 
The organic layer was partially evaporated on a 20 L rotary 
evaporator to remove 4 L of toluene and traces of water. 
HPLC indicated that the bis benzoyl side product was 
present as a 6% impurity. The residue was diluted with 
toluene (7L) and anhydrous DMSO (200 mL, 2.82 mol) and 
sodium hydride (60% in oil, 70 g, 1.75 mol) was added in 
one portion with Stirring at ambient temperature over 1 h. 
The reaction was quenched by slowly adding then Washing 
with aqueous citric acid (10%, 100 mL over 10 min, then 
2x4 L), followed by aqueous sodium bicarbonate (2%, 2 L), 
water (2x4 L) and brine (4 L). The organic layer was 
concentrated on a 20 L rotary evaporator to about 2 L total 
Volume. The residue was purified by Silica gel column 
chromatography (6 L Buchner funnel containing 1.5 kg of 
Silica gel wetted with a Solution of EtOAc-hexanes 
TEAC70:29:1)). The product was eluted with the same 
solvent (30 L) followed by straight EtOAc (6 L). The 
fractions containing the product were combined, concen 
trated on a rotary evaporator to a foam and then dried in a 
vacuum oven (50° C., 0.2 mm Hg, 8 h) to afford 1155 g of 
a crisp, white foam (98%). HPLC indicated a purity of 
>99.7%. 

0983 5-(4,4'-Dimethoxytriphenylmethyl)-2'-O-(2- 
methoxyethyl)-N'-benzoyl-5-methylcytidin-3'-O-yl)-2-cya 
noethyl-N,N-diisopropylphosphoramidite (MOE 5-Me-C 
amidite) 
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0984) 5'-O-(4,4'-Dimethoxytriphenylmethyl)-2'-O-(2- 
methoxyethyl)-N'-benzoyl-5-methylcytidine (1082 g, 1.5 
mol) was dissolved in anhydrous DMF (2 L) and co 
evaporated with toluene (300 ml) at 50° C. under reduced 
preSSure. The mixture was cooled to room temperature and 
2-cyanoethyl tetraiSopropylphosphorodiamidite (680g, 2.26 
mol) and tetrazole (52.5 g., 0.75 mol) were added. The 
mixture was shaken until all tetrazole was dissolved, N-me 
thylimidazole (30 ml) was added, and the mixture was left 
at room temperature for 5 hours. TEA (300 ml) was added, 
the mixture was diluted with DMF (1L) and water (400 ml) 
and extracted with hexane (3x3 L). The mixture was diluted 
with water (1.2 L) and extracted with a mixture of toluene 
(9 L) and hexanes (6 L). The two layers were separated and 
the upper layer was washed with DMF-water (60:40 V/V, 3x3 
L) and water (3x2 L). The organic layer was dried (NaSO), 
filtered and evaporated. The residue was co-evaporated with 
acetonitrile (2x2 L) under reduced pressure and dried in a 
vacuum oven (25 C., 0.1 mm Hg, 40 h) to afford 1336 g of 
an/off-white foam (97%). 
0985) 5'-O-(4,4'-Dimethoxetriphenylmethyl)-2'-O-(2- 
methoxyethyl)-N6-benzoyladenosin-3'-O-yl)-2-cyanoethyl 
N,N-diisopropylphosphoramidite (MOE Aamdite) 
0986 5'-O-(4,4'-Dimethoxytriphenylmethyl)-2'-O-(2- 
methoxyethyl)-N-benzoyladenosine (purchased from Reli 
able Biopharmaceutical, St. Lois, Mo.), 1098 g, 1.5 mol) 
was dissolved in anhydrous DMF (3 L) and co-evaporated 
with toluene (300 ml) at 50° C. The mixture was cooled to 
room temperature and 2-cyanoethyl tetraiSopropylphospho 
rodiamidite (680g, 2.26 mol) and tetrazole (78.8 g., 1.24 
mol) were added. The mixture was shaken until all tetrazole 
was dissolved, N-methylimidazole (30 ml) was added, and 
mixture was left at room temperature for 5 hours. TEA (300 
ml) was added, the mixture was diluted with DMF (1L) and 
water (400 ml) and extracted with hexanes (3x3 L). The 
mixture was diluted with water (1.4 L) and extracted with 
the mixture of toluene (9 L) and hexanes (6 L). The two 
layers were Separated and the upper layer was washed with 
DMF-water (60:40, V/V, 3x3 L) and water (3x2 L). The 
organic layer was dried (Na2SO), filtered and evaporated to 
a Sticky foam. The residue was co-evaporated with aceto 
nitrile (2.5 L) under reduced pressure and dried in a vacuum 
oven (25° C., 0.1 mm Hg, 40 h) to afford 1350 g of an 
off-white foam solid (96%). 
0987) 5'-O-(4,4'-Dimethoxytriphenylmethyl)-2'-O-(2- 
methoxyethyl)-N'-isobutyrylguanosin-3'-O-yl)-2-cyanoet 
hyl-N,N-diisopropylphosphoramidite (MOE Gamidite) 
0988 5'-O-(4,4'-Dimethoxytriphenylmethyl)-2'-O-(2- 
methoxyethyl)-N'-isobutyrlguanosine (purchased from 
Reliable Biopharmaceutical, St. Louis, Mo., 1426 g, 2.0 
mol) was dissolved in anhydrous DMF (2 L). The solution 
was co-evaporated with toluene (200 ml) at 50° C., cooled 
to room temperature and 2-cyanoethyl tetraiSopropylphos 
phorodiamidite (900 g, 3.0 mol) and tetrazole (68 g., 0.97 
mol) were added. The mixture was shaken until all tetrazole 
was dissolved, N-methylimidazole (30 ml) was added, and 
the mixture was left at room temperature for 5 hours. TEA 
(300 ml) was added, the mixture was diluted with DMF (2 
L) and water (600 ml) and extracted with hexanes (3x3 L). 
The mixture was diluted with water (2 L) and extracted with 
a mixture of toluene (10 L) and hexanes (5 L). The two 
layers were Separated and the upper layer was washed with 
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DMF-water (60:40, V/V, 3x3 L). EtOAc (4 L) was added and 
the solution was washed with water (3x4 L). The organic 
layer was dried (Na2SO), filtered and evaporated to approx. 
4 kg. Hexane (4 L) was added, the mixture was Shaken for 
10 min, and the Supernatant liquid was decanted. The residue 
was co-evaporated with acetonitrile (2x2 L) under reduced 
pressure and dried in a vacuum oven (25 C., 0.1 mm Hg, 40 
h) to afford 1660 g of an off-white foamy solid (91%). 

Example 229 

0989 2'-O-(Dimethylaminooxyethyl) nucleoside amid 
ites 

0990) 2-(Dimethylaminooxyethoxy) nucleoside amidites 
0991) 2'-(Dimethylaminooxyethoxy) nucleoside amidites 
(also known in the art as 2'-O-(dimethylaminooxyethyl) 
nucleoside amidites) are prepared as described in the fol 
lowing paragraphs. Adenosine, cytidine and guanosine 
nucleoside amidites are prepared Similarly to the thymidine 
(5-methyluridine) except the exocyclic amines are protected 
with a benzoyl moiety in the case of adenosine and cytidine 
and with isobutyryl in the case of guanosine. 
0992 5'-O-tert-Butyldiphenylsilyl-O-2'-anhydro-5-me 
thyluridine 
0993 O'-2'-anhydro-5-methyluridine (Pro. Bio. Sint., 
Varese, Italy, 100.0 g, 0.416 mmol), dimethylaminopyridine 
(0.66 g., 0.013 eq, 0.0054 mmol) were dissolved in dry 
pyridine (500 ml) at ambient temperature under an argon 
atmosphere and with mechanical Stirring, teyl-Butyldiphe 
nylchlorosilane (125.8 g., 119.0 mL, 1.1 eq, 0.458 mmol) 
was added in one portion. The reaction was stirred for 16 h 
at ambient temperature. TLC (Rf 0.22, EtOAc) indicated a 
complete reaction. The Solution was concentrated under 
reduced pressure to a thick oil. This was partitioned between 
CHCl (1 L) and saturated sodium bicarbonate (2x1 L) and 
brine (1L). The organic layer was dried over Sodium Sulfate, 
filtered, and concentrated under reduced pressure to a thick 
oil. The oil was dissolved in a 1:1 mixture of EtOAc and 
ethyl ether (600 mL) and cooling the solution to -10° C. 
afforded a white crystalline solid which was collected by 
filtration, washed with ethyl ether (3x200 mL) and dried 
(40° C., 1 mm Hg, 24 h) to afford 149 g of white solid 
(74.8%). TLC and NMR spectroscopy were consistent with 
pure product. 
0994) 5'-O-tert-Butyldiphenylsilyl-2'-O-(2-hydroxy 
ethyl)-5-methyluridine 
0995. In the fume hood, ethylene glycol (350 mL, excess) 
was added cautiously with manual Stirring to a 2 L StainleSS 
Steel pressure reactor containing borane in tetrahydrofuran 
(1.0 M, 2.0 eq, 622 mL). (Caution : evolves hydrogen gas). 
5'-O-tert-Butyldiphenylsilyl-O'-2'-anhydro-5-methyluri 
dine (149 g, 0.311 mol) and sodium bicarbonate (0.074g, 
0.003 eq) were added with manual stirring. The reactor was 
Sealed and heated in an oil bath until an internal temperature 
of 160 C. was reached and then maintained for 16 h 
(pressure <100 psig). The reaction vessel was cooled to 
ambient temperature and opened. TLC (EtOAc, Rf 0.67 for 
desired product and R? 0.82 for ara-Tside product) indicated 
about 70% conversion to the product. The solution was 
concentrated under reduced pressure (10 to 1 mm Hg) in a 
warm water bath (40-100° C) with the more extreme 
conditions used to remove the ethylene glycol. (Alterna 
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tively, once the THF has evaporated the solution can be 
diluted with water and the product extracted into EtOAc). 
The residue was purified by column chromatography (2 kg 
Silica gel, EtOAc-hexanes gradient 1:1 to 4:1). The appro 
priate fractions were combined, evaporated and dried to 
afford 84 g of a white crisp foam (50%), contaminated 
Starting material (14.4g, 12% recovery) and pure reusable 
starting material (20 g, 13% recovery). TLC and NMR 
Spectroscopy were consistent with 99% pure product. 
0996 2'-O-(2-phthalimidoxy)ethyl)-5'-t-butyldiphenyl 
silyl-5-methyluridine 

0997 5'-O-tert-Butyldiphenylsilyl-2'-O-(2-hydroxy 
ethyl)-5-methyluridine (20g, 36.98 mmol) was mixed with 
triphenylphosphine (11.63 g, 44.36 mmol) and N-hydrox 
yphthalimide (7.24 g., 44.36 mmol) and dried over P-Os 
under high vacuum for two days at 40 C. The reaction 
mixture was flushed with argon and dissolved in dry THF 
(369.8 mL, Aldrich, Sure seal bottle). Diethyl-azodicarboxy 
late (6.98 mL, 44.36 mmol) was added dropwise to the 
reaction mixture with the rate of addition maintained Such 
that the resulting deep red coloration is just discharged 
before adding the next drop. The reaction mixture was 
stirred for 4 hrs., after which time TLC (EtOAc:hexane, 
60:40) indicated that the reaction was complete. The solvent 
was evaporated in Vacuuo and the residue purified by flash 
column chromatography (eluted with 60:40 EtOAc:hexane), 
to yield 2'-O-(2-phthalimidoxy)ethyl-5'-t-butyldiphenylsi 
lyl-5-methyluridine as white foam (21.819 g, 86%) upon 
rotary evaporation. 

0998 5,'-O-tert-butyldiphenylsilyl-20-(2-formadoximi 
nooxy)ethyl-5-methyluridine 
0999 2'-O-(2-phthalimidoxy)ethyl)-5'-t-butyldiphenyl 
silyl-5-methyluridine (3.1 g, 4.5 mmol) was dissolved in dry 
CHCl (4.5 mL) and methylhydrazine (300 mL, 4.64 
mmol) was added dropwise at -10° C. to 0°C. After 1 h the 
mixture was filtered, the filtrate washed with ice cold 
CH2Cl2, and the combined organic phase was washed with 
water and brine and dried (anhydrous NaSO). The solution 
was filtered and evaporated to afford 2'-O-(aminooxyethyl) 
thymidine, which was then dissolved in MeOH (67.5 mL). 
Formaldehyde (20% aqueous Solution, W/w, 1.1 eq.) was 
added and the resulting mixture was stirred for 1 h. The 
Solvent was removed under Vacuum and the residue was 
purified by column chromatography to yield 5'-O-tert-bu 
tyldiphenylsilyl-2'-O-(2-formadoximinooxy) ethyl-5-me 
thyluridine as white foam (1.95 g, 78%) upon rotary evapo 
ration. 

1000 5'-O-tert-Butyldiphenylsilyl-2'-O-N,N dimethy 
laminooxyethyl-5-methyluridine 
1001 5'-O-tert-butyldiphenylsilyl-2'-O-(2-formadox 
iminooxy)ethyl-5-methyluridine (1.77 g., 3.12 mmol) was 
dissolved in a solution of 1M pyridinium p-toluenesulfonate 
(PPTS) in dry MeOH (30.6 mL) and cooled to 10° C. under 
inert atmosphere. Sodium cyanoborohydride (0.39 g, 6.13 
mmol) was added and the reaction mixture was stirred. After 
10 minutes the reaction was warmed to room temperature 
and Stirred for 2 h. While the progreSS of the reaction was 
monitored by TLC (5% MeOH in CHCl). Aqueous 
NaHCO, solution (5%, 10 mL) was added and the product 
was extracted with EtOAc (2x20 mL). The organic phase 
was dried over anhydrous NaSO, filtered, and evaporated 



US 2004/OO14957 A1 

to dryneSS. This entire procedure was repeated with the 
resulting residue, with the exception that formaldehyde 
(20% w/w, 30 mL, 3.37 mol) was added upon dissolution of 
the residue in the PPTS/MeOH Solution. After the extraction 
and evaporation, the residue was purified by flash column 
chromatography and (eluted with 5% MeOH in CHCl) to 
afford 5'-O-tert-butyldiphenylsilyl-2'-O-N,N-dimethylami 
nooxyethyl-5-methyluridine as a white foam (14.6 g., 80%) 
upon rotary evaporation. 

1002 2'-O-(dimethylaminooxyethyl)-5-methyluridine 

1003 Triethylamine trihydrofluoride (3.91 mL, 24.0 
mmol) was dissolved in dry THF and TEA (1.67 mL, 12 
mmol, dry, stored over KOH) and added to 5'-O-tert-butyl 
diphenylsilyl-2'-N,N-dimethylaminooxyethyl-5-methylu 
ridine (1.40g, 2.4 mmol). The reaction was stirred at room 
temperature for 24 hrs and monitored by TLC (5% MeOH 
in CHCl). The solvent was removed under vacuum and the 
residue purified by flash column chromatography (eluted 
with 10% MeOH in CHCl) to afford 2'-O-(dimethylami 
nooxyethyl)-5-methyluridine (766 mg, 92.5%) upon rotary 
evaporation of the Solvent. 

1004 5'-DMT-2'-O-(dimethylaminooxyethyl)-5-methy 
luridine 

1005 2'-O-(dimethylaminooxyethyl)-5-methyluridine 
(750 mg, 2.17 mmol) was dried over POs under high 
vacuum overnight at 40 C., co-evaporated with anhydrous 
pyridine (20 mL), and dissolved in pyridine (11 mL) under 
argon atmosphere. 4-dimethylaminopyridine (26.5 mg, 2.60 
mmol) and 4,4'-dimethoxytrityl chloride (880 mg, 2.60 
mmol) were added to the pyridine Solution and the reaction 
mixture was Stirred at room temperature until all of the 
Starting material had reacted. Pyridine was removed under 
Vacuum and the residue was purified by column chroma 
tography (eluted with 10% MeOH in CHCl containing a 
few drops of pyridine) to yield 5'-O-DMT-2'-O-(dimethy 
lamino-oxyethyl)-5-methyluridine (1.13 g, 80%) upon 
rotary evaporation. 

1006 5'-O-DMT-2'-O-(2-N,N-dimethylaminooxyethyl)- 
5-methyluridine-3'-(2-cyanoethyl)-N,N-diisopropylphos 
phoramidite 

1007 5'-O-DMT-2'-O-(dimethylaminooxyethyl)-5-me 
thyluridine (1.08 g, 1.67 mmol) was co-evaporated with 
toluene (20 mL), N,N-diisopropylamine tetrazonide (0.29 g, 
1.67 mmol) was added and the mixture was dried over P-Os 
under high vacuum overnight at 40 C. This was dissolved 
in anhydrous acetonitrile (8.4 mL) and 2-cyanoethyl-N,N, 
N',N'-tetraisopropylphosphoramidite (2.12 mL, 6.08 
mmol) was added. The reaction mixture was stirred at 
ambient temperature for 4 h under inert atmosphere. The 
progress of the reaction was monitored by TLC (hexane:E- 
tOAc 1:1). The solvent was evaporated, then the residue was 
dissolved in EtOAc (70 mL) and washed with 5% aqueous 
NaHCO (40 mL). The EtOAc layer was dried over anhy 
drous Na2SO, filtered, and concentrated. The residue 
obtained was purified by column chromatography (EtOAC as 
eluent) to afford 5'-O-DMT-2'-O-(2-N,N-dimethylami 
nooxyethyl)-5-methyluridine-3'-(2-cyanoethyl)-N,N-diiso 
propylphosphoramidite as a foam (1.04 g, 74.9%) upon 
rotary evaporation. 
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Example 230 
1008) 2'-O-(Aminooxyethyl) nucleoside amidites 
1009 2'-(Aminooxyethoxy) nucleoside amidites (also 
known in the art as 2'-O-(aminooxyethyl) nucleoside amid 
ites) are prepared as described in the following paragraphs. 
Adenosine, cytidine and thymidine nucleoside amidites are 
prepared similarly. 
1010 N2-isobutyryl-6-O-diphenylcarbamoyl-2'-O-(2- 
ethylacetyl)-5'-O-(4,4'-dimethoxytrityl)guanosine-3'-(2- 
cyanoethyl)-N,N-diisopropylphosphoramidite 
1011 The 2'-O-aminooxyethylguanosine analog may be 
obtained by selective 2'-O-alkylation of diaminopurine ribo 
Some. Multigram quantities of diaminopurine riboside may 
be purchased from Schering AG (Berlin) to provide 2'-O- 
(2-ethylacetyl) diaminopurine riboside along with a minor 
amount of the 3'-O-isomer. 2'-O-(2-ethylacetyl) diaminopu 
rine riboside may be resolved and converted to 2'-O-(2- 
ethylacetyl)guanosine by treatment with adenosine deami 
nase. (McGee, D. P. C., Cook, P. D., Guinosso, C. J., WO 
94/02501 A1 940203.) Standard protection procedures 
should afford 2'-O-(2-ethylacetyl)-5'-O-(4,4'-dimethoxytri 
tyl)guanosine and 2-N-isobutyryl-6-O-diphenylcarbamoyl 
2'-O-(2-ethylacetyl)-5'-O-(4,4'-dimethoxytrityl)guanosine 
which may be reduced to provide 2-N-isobutyryl-6-O- 
diphenylcarbamoyl-2'-O-(2-hydroxyethyl)-5'-O-(4,4'- 
dimethoxytrityl)guanosine. AS before the hydroxyl group 
may be displaced by N-hydroxyphthalimide via a Mit 
Sunobu reaction, and the protected nucleoside may be phos 
phitylated as usual to yield 2-N-isobutyryl-6-O-diphenylcar 
bamoyl-2'-O-(2-phthalimidoxyethyl)-5'-O-(4,4'- 
dimethoxytrityl)guanosine-3'-(2-cyanoethyl)-N,N- 
diisopropylphosphoramidite. 

Example 231 
1012 2-dimethylaminoethoxyethoxy 
nucleoside amidites 

(2-DMAEOE) 

1013 2'-dimethylaminoethoxyethoxy nucleoside amid 
ites (also known in the art as 2'-O-dimethylaminoethoxy 
ethyl, i.e., 2'-O-CH-O-CH-N(CH), O 
2'-DMAEOE nucleoside amidites) are prepared as follows. 
Other nucleoside amidites are prepared similarly. 
1014) 2'-O-2(2-N,N-dimethylaminoethoxy)ethyl-5-me 
thyluridine 
1015 22-(Dimethylamino)ethoxylethanol (Aldrich, 
6.66 g, 50 mmol) was slowly added to a solution of borane 
in tetrahydrofuran (1 M, 10 mL, 10 mmol) with stirring in 
a 100 mL bomb. (Caution: Hydrogen gas evolves as the solid 
dissolves). O° 2'-anhydro-5-methyluridine (1.2 g, 5 
mmol), and Sodium bicarbonate (2.5 mg) were added and the 
bomb was sealed, placed in an oil bath and heated to 155 
C. for 26 h. then cooled to room temperature. The crude 
Solution was concentrated, the residue was diluted with 
water (200 mL) and extracted with hexanes (200 mL). The 
product was extracted from the aqueous layer with EtOAc 
(3x200 mL) and the combined organic layers were washed 
once with water, dried over anhydrous Sodium Sulfate, 
filtered and concentrated. The residue was purified by Silica 
gel column chromatography (eluted with 5:100:2 MeOH/ 
CHCl2/TEA) as the eluent. The appropriate fractions were 
combined and evaporated to afford the product as a white 
Solid. 
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1016 5'-O-dimethoxytrityl-2'-O-2(2-N,N-dimethylami 
noethoxy)ethyl)-5-methyl uridine 
1017) To 0.5 g (1.3 mmol) of 2'-O-2(2-N,N-dimethy 
laminoethoxy)ethyl)-5-methyl uridine in anhydrous pyri 
dine (8 mL), was added TEA (0.36 mL) and dimethoxytrityl 
chloride (DMT-Cl, 0.87g, 2 eq.) and the reaction was stirred 
for 1 h. The reaction mixture was poured into water (200 
mL) and extracted with CHCl (2x200 mL). The combined 
CHCl layers were washed with saturated NaHCO Solu 
tion, followed by saturated NaCl Solution, dried over anhy 
drous Sodium Sulfate, filtered and evaporated. The residue 
was purified by Silica gel column chromatography (eluted 
with 5:100:1 MeOH/CH.Cl/TEA) to afford the product. 
1018) 5'-O-Dimethoxytrityl-2'-O-2(2-N,N-dimethylami 
noethoxy)ethyl)-5-methyl uridine-3'-O-(cyanoethyl-N,N- 
diisopropyl)phosphoramidite 
1019 Diisopropylaminotetrazolide (0.6 g) and 2-cyano 
ethoxy-N,N-diisopropyl phosphoramidite (1.1 mL, 2 eq.) 
were added to a solution of 5'-O-dimethoxytrityl-2'-O-2(2- 
N,N-dimethylaminoethoxy)ethyl)-5-methyluridine (2.17 g, 
3 mmol) dissolved in CHCl (20 mL) under an atmosphere 
of argon. The reaction mixture was stirred overnight and the 
Solvent evaporated. The resulting residue was purified by 
Silica gel column chromatography with EtOAC as the eluent 
to afford the title compound. 

Example 232 

1020. In a like manner to Examples 222 to 228, protected 
nucleoside amidites of the nucleoside of Examples 1 to 143 
are prepared. 
1021 Oligonucleotide Synthesis 

1022 Unsubstituted and substituted phosphodiester 
(P=O) oligonucleotides are Synthesized on an automated 
DNA synthesizer (Applied Biosystems model 394) using 
Standard phosphoramidite chemistry with oxidation by 
iodine. 

1023 Phosphorothioates (P=S) are synthesized similar 
to phosphodiester oligonucleotides with the following 
exceptions: thiation was effected by utilizing a 10% w/v 
Solution of 3H-1,2-benzodithiole-3-one 1,1-dioxide in 
acetonitrile for the oxidation of the phosphite linkages. The 
thiation reaction Step time was increased to 180 Sec and 
preceded by the normal capping Step. After cleavage from 
the CPG column and deblocking in concentrated ammonium 
hydroxide at 55 C. (12-16 hr), the oligonucleotides were 
recovered by precipitating with >3 volumes of ethanol from 
a 1 M NHoAc solution. Phosphinate oligonucleotides are 
prepared as described in U.S. Pat. No. 5,508,270, herein 
incorporated by reference. 
1024 Alkyl phosphonate oligonucleotides are prepared 
as described in U.S. Pat. No. 4,469,863, herein incorporated 
by reference. 
1025 3'-Deoxy-3'-methylene phosphonate oligonucle 
otides are prepared as described in U.S. Pat. Nos. 5,610,289 
or 5,625,050, herein incorporated by reference. 
1026 Phosphoramidite oligonucleotides are prepared as 
described in U.S. Pat. Nos. 5,256,775 or 5,366,878, herein 
incorporated by reference. 
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1027 Alkylphosphonothioate oligonucleotides are pre 
pared as described in published PCT applications PCT/ 
US94/00902 and PCT/US93/06976 (published as WO 
94/17093 and WO 94/02499, respectively), herein incorpo 
rated by reference. 
1028 3'-Deoxy-3'-amino phosphoramidate oligonucle 
otides are prepared as described in U.S. Pat. No. 5,476,925, 
herein incorporated by reference. 
1029 Phosphotriester oligonucleotides are prepared as 
described in U.S. Pat. No. 5,023,243, herein incorporated by 
reference. 

1030 Borano phosphate oligonucleotides are prepared as 
described in U.S. Pat. Nos. 5,130,302 and 5,177,198, both 
herein incorporated by reference. 

Example 233 
1031 Oligonucleoside Synthesis 
1032 Methylenemethylimino linked oligonucleosides, 
also identified as MMI linked oligonucleosides, methylene 
dimethylhydrazo linked oligonucleosides, also identified as 
MDH linked oligonucleosides, and methylenecarbony 
lamino linked oligonucleosides, also identified as amide-3 
linked oligonucleosides, and methyleneaminocarbonyl 
linked oligonucleosides, also identified as amide-4 linked 
oligonucleosides, as well as mixed backbone compounds 
having, for instance, alternating MMI and P=O or P=S 
linkages are prepared as described in U.S. Pat. Nos. 5,378, 
825, 5,386,023, 5,489,677, 5,602,240 and 5,610,289, all of 
which are herein incorporated by reference. 
1033 Formacetal and thioformacetal linked oligonucleo 
sides are prepared as described in U.S. Pat. Nos. 5,264,562 
and 5,264,564, herein incorporated by reference. 
1034 Ethylene oxide linked oligonucleosides are pre 
pared as described in U.S. Pat. No. 5,223,618, herein incor 
porated by reference. 

Example 234 
1035 Synthesis of Chimeric Oligonucleotides 
1036 Chimeric oligonucleotides, oligonucleosides or 
mixed oligonucleotides/oligonucleosides of the invention 
can be of several different types. These include a first type 
wherein the "gap' Segment of linked nucleosides is posi 
tioned between 5' and 3"wing” segments of linked nucleo 
Sides and a Second "open end type wherein the 'gap' 
segment is located at either the 3' or the 5' terminus of the 
oligomeric compound. Oligonucleotides of the first type are 
also known in the art as "gapmers' or gapped oligonucle 
otides. Oligonucleotides of the Second type are also known 
in the art as “hemimers' or “wingmers”. 
1037 2'-O-Me-2'-deoxy-2'-O-Me) Chimeric Phos 
phorothioate Oligonucleotides 
1038 Chimeric oligonucleotides having 2'-O-alkyl phos 
phorothioate and 2'-deoxy phosphorothioate oligonucleotide 
Segments are Synthesized using an Applied BioSystems 
automated DNA synthesizer Model 394, as above. Oligo 
nucleotides are Synthesized using the automated Synthesizer 
and 2'-deoxy-5'-dimethoxytrityl-3'-O-phosphoramidite for 
the DNA portion and 5'-dimethoxytrityl-2'-O-methyl-3-O- 
phosphoramidite for 5' and 3' wings. The standard synthesis 
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cycle is modified by incorporating coupling Steps with 
increased reaction times for the 5'-dimethoxytrityl-2'-O- 
methyl-3'-O-phosphoramidite. The fully protected oligo 
nucleotide is cleaved from the Support and deprotected in 
concentrated ammonia (NHOH) for 12-16 hr at 55° C. The 
deprotected oligo is then recovered by an appropriate 
method (precipitation, column chromatography, Volume 
reduced in vacuo and analyzed Spetrophotometrically for 
yield and for purity by capillary electrophoresis and by mass 
Spectrometry. 

1039 2'-O-(2-Methoxyethyl)-2'-deoxy-2'-O-(Meth 
oxyethyl)l Chimeric Phosphorothioate Oligonucleotides 
1040 2'-O-(2-methoxyethyl)-2'-deoxy--2'-O-(meth 
oxyethyl)chimeric phosphorothioate oligonucleotides were 
prepared as per the procedure above for the 2'-O-methyl 
chimeric oligonucleotide, with the substitution of 2'-O- 
(methoxyethyl) amidites for the 2'-O-methyl amidites. 
1041 2'-O-(2-Methoxyethyl)Phosphodiester)-2'-deoxy 
Phosphorothioate-2'-O-(2-Methoxyethyl) Phosphodiester 
Chimeric Oligonucleotides 
1042 2'-O-(2-methoxyethyl phosphodiester-2'-deoxy 
phosphorothioate-2'-O-(methoxyethyl) phosphodiester 
chimeric oligonucleotides are prepared as per the above 
procedure for the 2'-O-methyl chimeric oligonucleotide with 
the substitution of 2'-O-(methoxyethyl) amidites for the 
2'-O-methyl amidites, oxidation with iodine to generate the 
phosphodiester intemucleotide linkages within the wing 
portions of the chimeric Structures and Sulfurization utilizing 
3.H-1.2 benzodithiole-3-one 1,1 dioxide (Beaucage 
Reagent) to generate the phosphorothioate internucleotide 
linkages for the center gap. 
1043. Other chimeric oligonucleotides, chimeric oligo 
nucleosides and mixed chimeric oligonucleotides/oligo 
nucleosides are Synthesized according to U.S. Pat. No. 
5,623,065, herein incorporated by reference. 

Example 235 
1044) Oligonucleotide Isolation 
1045. After cleavage from the controlled pore glass solid 
Support and deblocking in concentrated ammonium hydrox 
ide at 55 C. for 12-16 hours, the oligonucleotides or 
oligonucleosides are recovered by precipitation out of 1 M 
NHOAc with >3 volumes of ethanol. Synthesized oligo 
nucleotides were analyzed by electrospray mass Spectros 
copy (molecular weight determination) and by capillary gel 
electrophoresis and judged to be at least 70% full length 
material. The relative amounts of phosphorothioate and 
phosphodiester linkages obtained in the Synthesis was deter 
mined by the ratio of correct molecular weight relative to the 
-16 amu product (+/-32 +/-48). For Some studies oligo 
nucleotides were purified by HPLC, as described by Chiang 
et al., J. Biol. Chem. 1991, 266, 18162-18171. Results 
obtained with HPLC-purified material were similar to those 
obtained with non-HPLC purified material. 

Example 236 
1046 Oligonucleotide Synthesis -96 Well Plate Format 
1047 Oligonucleotides were synthesized via solid phase 

P(III) phosphoramidite chemistry on an automated synthe 
sizer capable of assembling 96 sequences simultaneously in 
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a 96-well format. Phosphodiester intemucleotide linkages 
were afforded by oxidation with aqueous iodine. Phospho 
rothioate intemucleotide linkages were generated by Sulfu 
rization utilizing 3.H-1,2 benzodithiole-3-one 1,1 dioxide 
(Beaucage Reagent) in anhydrous acetonitrile. Standard 
base-protected beta-cyanoethyl-diso-propyl phosphoramid 
ites were purchased from commercial vendors (e.g. PE 
Applied Biosystems, Foster City, Calif., or Pharmacia, Pis 
cataway, N.J.). Non-standard nucleosides are Synthesized as 
per Standard or patented methods. They are utilized as base 
protected beta-cyanoethyldiisopropyl phosphoramidites. 
1048 Oligonucleotides were cleaved from support and 
deprotected with concentrated NHOH at elevated tempera 
ture (55-60° C.) for 12-16 hours and the released product 
then dried in vacuo. The dried product was then re-Sus 
pended in Sterile water to afford a master plate from which 
all analytical and test plate Samples are then diluted utilizing 
robotic pipettors. 

Example 237 
1049 Oligonucleotide Analysis -96-Well Plate Format 
1050. The concentration of oligonucleotide in each well 
was assessed by dilution of Samples and UV absorption 
Spectroscopy. The full-length integrity of the individual 
products was evaluated by capillary electrophoresis (CE) in 
either the 96-well format (Beckman P/ACETM MDQ) or, for 
individually prepared Samples, on a commercial CE appa 
ratus (e.g., Beckman P/ACETM 5000, ABI 270). Base and 
backbone composition was confirmed by mass analysis of 
the compounds utilizing electrospray-mass spectroScopy. 
All assay test plates were diluted from the master plate using 
Single and multi-channel robotic pipettors. Plates were 
judged to be acceptable if at least 85% of the compounds on 
the plate were at least 85% full length. 

Example 238 

1051 Cell Culture and Oligonucleotide Treatment 
1052 The effect of antisense compounds on target 
nucleic acid expression can be tested in any of a variety of 
cell types provided that the target nucleic acid is present at 
measurable levels. This can be routinely determined using, 
for example, PCR or Northern blot analysis. The following 
cell types are provided for illustrative purposes, but other 
cell types can be routinely used, provided that the target is 
expressed in the cell type chosen. This can be readily 
determined by methods routine in the art, for example 
Northern blot analysis, ribonuclease protection assays, or 
RT-PCR. 

1053) T-24 Cells 
1054 The human transitional cell bladder carcinoma cell 
line T-24 was obtained from the American Type Culture 
Collection (ATCC) (Manassas, Va.). T-24 cells were rou 
tinely cultured in complete McCoy's 5A basal media (Invit 
rogen Corporation, Carlsbad, Calif.) Supplemented with 
10% fetal calf serum (Invitrogen Corporation, Carlsbad, 
Calif.), penicillin 100 units per mL, and streptomycin 100 
micrograms per mL (Invitrogen Corporation, Carlsbad, 
Calif.). Cells were routinely passaged by trypsinization and 
dilution when they reached 90% confluence. Cells were 
seeded into 96-well plates (Falcon-Primaria #3872) at a 
density of 7000 cells/well for use in RT-PCR analysis. 
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1055 For Northern blotting or other analysis, cells may 
be seeded onto 100 mm or other standard tissue culture 
plates and treated Similarly, using appropriate Volumes of 
medium and oligonucleotide. 
1056 A549 Cells 
1057 The human lung carcinoma cell line A549 was 
obtained from the American Type Culture Collection 
(ATCC) (Manassas, Va.). A549 cells were routinely cultured 
in DMEM basal media (Invitrogen Corporation, Carlsbad, 
Calif.) Supplemented with 10% fetal calf serum (Invitrogen 
Corporation, Carlsbad, Calif.), penicillin 100 units per mL, 
and Streptomycin 100 micrograms per mL (Invitrogen Cor 
poration, Carlsbad, Calif.). Cells were routinely passaged by 
trypsinization and dilution when they reached 90% conflu 
CCC. 

1058 NHDF Cells 
1059 Human neonatal dermal fibroblast (NHDF) were 
obtained from the Clonetics Corporation (Walkersville, 
Md.). NHDFs were routinely maintained in Fibroblast 
Growth Medium (Clonetics Corporation, Walkersville, Md.) 
Supplemented as recommended by the Supplier. Cells were 
maintained for up to 10 passages as recommended by the 
Supplier. 

1060 HEK Cells 
1061 Human embryonic keratinocytes (HEK) were 
obtained from the Clonetics Corporation (Walkersville, 
Md.). HEKs were routinely maintained in Keratinocyte 
Growth Medium (Clonetics Corporation, Walkersville, Md.) 
formulated as recommended by the Supplier. Cells were 
routinely maintained for up to 10 passages as recommended 
by the Supplier. 
1062 Treatment With Antisense Compounds 
1063) When cells reached 70% confluency, they were 
treated with oligonucleotide. For cells grown in 96-well 
plates, wells were washed once with 100 till OPTI 
MEMTM-1 reduced-serum medium (Invitrogen Corpora 
tion, Carlsbad, Calif.) and then treated with 130 ul of 
OPTI-MEMTM-1 containing 3.75 ug/mL LIPOFECTINTM 
(Invitrogen Corporation, Carlsbad, Calif.) and the desired 
concentration of oligonucleotide. After 4-7 hours of treat 
ment, the medium was replaced with fresh medium. Cells 
were harvested 16-24 hours after oligonucleotide treatment. 
1064. The concentration of oligonucleotide used varies 
from cell line to cell line. To determine the optimal oligo 
nucleotide concentration for a particular cell line, the cells 
are treated with a positive control oligonucleotide at a range 
of concentrations. For human cells the positive control 
oligonucleotide is ISIS 13920, TCCGTCATCGCTCCT. 
CAGGG, SEQ ID NO: 1, a 2'-O-methoxyethyl gapmer 
(2'-O-methoxyethyls shown in bold) with a phosphorothio 
ate backbone which is targeted to human H-ras. For mouse 
or rat cells the positive control oligonucleotide is ISIS 
15770, ATGCATTCTGCCCCCAAGGA, SEQ ID NO: 2, a 
2'-O-methoxyethyl gapmer (2'-O-methoxyethyls shown in 
bold) with a phosphorothioate backbone which is targeted to 
both mouse and rat c-raf. The concentration of positive 
control oligonucleotide that results in 80% inhibition of 
c-Ha-ras (for ISIS 13920) or c-raf (for ISIS 15770) mRNA 
is then utilized as the Screening concentration for new 
oligonucleotides in Subsequent experiments for that cell line. 
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If 80% inhibition is not achieved, the lowest concentration 
of positive control oligonucleotide that results in 60% inhi 
bition of H-ras or c-raf mRNA is then utilized as the 
oligonucleotide Screening concentration in Subsequent 
experiments for that cell line. If 60% inhibition is not 
achieved, that particular cell line is deemed as unsuitable for 
oligonucleotide transfection experiments. 

Example 239 

1065 Analysis of Oligonucleotide Inhibition of Expres 
Sion 

1066 Antisense modulation of gene expression can be 
assayed in a variety of ways known in the art. For example, 
gene mRNA levels can be quantitated by, e.g., Northern blot 
analysis, competitive polymerase chain reaction (PCR), or 
real-time PCR (RT-PCR). Real-time quantitative PCR is 
presently preferred. RNA analysis can be performed on total 
cellular RNA or poly(A)+mRNA. The preferred method of 
RNA analysis of the present invention is the use of total 
cellular RNA as described in other examples herein. Meth 
ods of RNA isolation are taught in, for example, AuSubel, F. 
M. et al., Current Protocols in Molecular Biology, Volume 
1, pp. 4.1.1-4.2.9 and 4.5.1-4.5.3, John Wiley & Sons, Inc., 
1993. Northern blot analysis is routine in the art and is taught 
in, for example, Ausubel, F. M. et al., Current Protocols in 
Molecular Biology, Volume 1, pp. 4.2.1-4.2.9, John Wiley & 
Sons, Inc., 1996. Real-time quantitative (PCR) can be con 
Veniently accomplished using the commercially available 
ABI PRISMTM 7700 Sequence Detection System, available 
from PE-Applied Biosystems, Foster City, Calif. and used 
according to manufacturer's instructions. 

1067 Protein levels can be quantitated in a variety of 
ways well known in the art, Such as immunoprecipitation, 
Western blot analysis (immunoblotting), ELISA or fluores 
cence-activated cell sorting (FACS). Antibodies directed to 
a particular gene can be identified and obtained from a 
variety of sources, such as the MSRS catalog of antibodies 
(Aerie Corporation, Birmingham, Mich.), or can be prepared 
via conventional antibody generation methods. Methods for 
preparation of polyclonal antisera are taught in, for example, 
Ausubel, F.M. et al., (Current Protocols in Molecular Biol 
ogy, Volume 2, pp. 11.12.1-11.12.9, John Wiley & Sons, 
Inc., 1997). Preparation of monoclonal antibodies is taught 
in, for example, Ausubel, F.M. et al., (Current Protocols in 
Molecular Biology, Volume 2, pp. 11.4.1-11.11.5, John 
Wiley & Sons, Inc., 1997). 
1068 Immunoprecipitation methods are standard in the 
art and can be found at, for example, AuSubel, F. M. et al., 
(Current Protocols in Molecular Biology, Volume 2, pp. 
10.16.1-10.16.11, John Wiley & Sons, Inc., 1998). Western 
blot (immunoblot) analysis is standard in the art and can be 
found at, for example, Ausubel, F. M. et al., (Current 
Protocols in Molecular Biology, Volume 2, pp. 10.8.1- 
10.8.21, John Wiley & Sons, Inc., 1997). Enzyme-linked 
immunosorbent assays (ELISA) are standard in the art and 
can be found at, for example, Ausubel, F. M. et al., (Current 
Protocols in Molecular Biology, Volume 2, pp. 11.2.1- 
11.2.22, John Wiley & Sons, Inc., 1991). 
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1069 Poly(A)--mRNA. Isolation 
1070 Poly(A)--mRNA was isolated according to Miura 

et aL, (Clin. Chem., 1996, 42, 1758-1764). Other methods 
for poly(A)--mRNA isolation are taught in, for example, 
Ausubel, F. M. et al., (Current Protocols in Molecular 
Biology, Volume 1, pp. 4.5.1-4.5.3, John Wiley & Sons, Inc., 
1993). Briefly, for cells grown on 96-well plates, growth 
medium was removed from the cells and each well was 
washed with 200 uL cold PBS. 60 uL lysis buffer (10 mM 
Tris-HCl, pH 7.6, 1 mM EDTA, 0.5 M NaCl, 0.5% NP-40, 
20 mM vanadyl-ribonucleoside complex) was added to each 
well, the plate was gently agitated and then incubated at 
room temperature for five minutes. 55 till of lysate was 
transferred to Oligo d(T) coated 96-well plates (AGCT Inc., 
Irvine Calif.). Plates were incubated for 60 minutes at room 
temperature, washed 3 times with 200 uL of wash buffer (10 
mM Tris-HCl pH 7.6, 1 mM EDTA, 0.3 MNaCl). After the 
final wash, the plate was blotted on paper towels to remove 
excess wash buffer and then air-dried for 5 minutes. 60 till 
of elution buffer (5 mM Tris-HCl pH 7.6), preheated to 70° 
C., was added to each well, the plate was incubated on a 90 
C. hot plate for 5 minutes, and the eluate was then trans 
ferred to a fresh 96-well plate. 
1071 Cells grown on 100 mm or other standard plates 
may be treated Similarly, using appropriate Volumes of all 
Solutions. 

Example 241 

1072 Total RNA Isolation 
1073 Total RNA was isolated using an RNEASY 96TM 

kit and buffers purchased from Qiagen Inc. (Valencia, Calif.) 
following the manufacturer's recommended procedures. 
Briefly, for cells grown on 96-well plates, growth medium 
was removed from the cells and each well was washed with 
200 ulcold PBS. 150 uL Buffer RLT was added to each well 
and the plate Vigorously agitated for 20 Seconds. 150 u of 
70% ethanol was then added to each well and the contents 
mixed by pipetting three times up and down. The Samples 
were then transferred to the RNEASY 96TM well plate 
attached to a OIAVACTM manifold fitted with a waste 
collection tray and attached to a vacuum Source. Vacuum 
was applied for 1 minute. 500 L of Buffer RW1 was added 
to each well of the RNEASY 96TM plate and incubated for 
15 minutes and the vacuum was again applied for 1 minute. 
An additional 500 till of Buffer RW1 was added to each well 
of the RNEASY 96TM plate and the vacuum was applied for 
2 minutes. 1 mL of Buffer RPE was then added to each well 
of the RNEASY 96TM plate and the vacuum applied for a 
period of 90 seconds. The Buffer RPE wash was then 
repeated and the vacuum was applied for an additional 3 
minutes. The plate was then removed from the QIAVACTM 
manifold and blotted dry on paper towels. The plate was then 
re-attached to the OIAVACTM manifold fitted with a collec 
tion tube rack containing 1.2 mL collection tubes. RNA was 
then eluted by pipetting 170 it water into each well, 
incubating 1 minute, and then applying the vacuum for 3 
minutes. 

1074 The repetitive pipetting and elution steps may be 
automated using a QIAGEN Bio-Robot 96.04 (Qiagen, Inc., 
Valencia Calif.). Essentially, after lysing of the cells on the 
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culture plate, the plate is transferred to the robot deck where 
the pipetting, DNase treatment and elution Steps are carried 
Out. 

Example 242 
1075 Real-time Quantitative PCR Analysis of mRNA 
Levels 

1076 Quantitation of mRNA levels was determined by 
real-time quantitative PCR using the ABI PRISMTM 7700 
Sequence Detection System (PE-Applied Biosystems, Fos 
ter City, Calif.) according to manufacturer's instructions. 
This is a closed-tube, non-gel-based, fluorescence detection 
System which allows high-throughput quantitation of poly 
merase chain reaction (PCR)-products in real-time. AS 
opposed to standard PCR in which amplification products 
are quantitated after the PCR is completed, products in 
real-time quantitative PCR are quantitated as they accumu 
late. This is accomplished by including in the PCR reaction 
an oligonucleotide probe that anneals Specifically between 
the forward and reverse PCR primers, and contains two 
fluorescent dyes. A reporter dye (e.g., FAM or JOE, obtained 
from either PE-Applied Biosystems, Foster City, Calif., 
Operon Technologies Inc., Alameda, Calif. or Integrated 
DNA Technologies Inc., Coralville, Iowa) is attached to the 
5' end of the probe and a quencher dye (e.g., TAMRA, 
obtained from either PE-Applied Biosystems, Foster City, 
Calif., Operon Technologies Inc., Alameda, Calif. or Inte 
grated DNATechnologies Inc., Coralville, Iowa) is attached 
to the 3' end of the probe. When the probe and dyes are 
intact, reporter dye emission is quenched by the proximity of 
the 3' quencher dye. During amplification, annealing of the 
probe to the target Sequence creates a Substrate that can be 
cleaved by the 5'-exonuclease activity of Taq polymerase. 
During the extension phase of the PCR amplification cycle, 
cleavage of the probe by Taq polymerase releases the 
reporter dye from the remainder of the probe (and hence 
from the quencher moiety) and a sequence-specific fluores 
cent Signal is generated. With each cycle, additional reporter 
dye molecules are cleaved from their respective probes, and 
the fluorescence intensity is monitored at regular intervals 
by laser optics built into the ABI PRISMTM 7700 Sequence 
Detection System. In each assay, a Series of parallel reac 
tions containing serial dilutions of mRNA from untreated 
control Samples generates a Standard curve that is used to 
quantitate the percent inhibition after antisense oligonucle 
otide treatment of test Samples. 
1077 Prior to quantitative PCR analysis, primer-probe 
Sets Specific to the target gene being measured are evaluated 
for their ability to be “multiplexed” with a GAPDH ampli 
fication reaction. In multiplexing, both the target gene and 
the internal standard gene GAPDH are amplified concur 
rently in a single Sample. In this analysis, MRNA isolated 
from untreated cells is serially diluted. Each dilution is 
amplified in the presence of primer-probe Sets Specific for 
GAPDH only, target gene only (“single-plexing”), or both 
(multiplexing). Following PCR amplification, standard 
curves of GAPDH and target mRNA signal as a function of 
dilution are generated from both the Single-plexed and 
multiplexed Samples. If both the Slope and correlation coef 
ficient of the GAPDH and target signals generated from the 
multiplexed samples fall within 10% of their corresponding 
values generated from the Single-plexed Samples, the 
primer-probe Set specific for that target is deemed multi 
plexable. Other methods of PCR are also known in the art. 
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1078 PCR reagents were obtained from Invitrogen Cor 
poration, (Carlsbad, Calif.). RT-PCR reactions were carried 
out by adding 20 lul PCR cocktail (2.5x PCR buffer 
(-MgCl2), 6.6 mM MgCl2, 375 uM each of dATP, dCTP, 
dCTP and dGTP,375 nM each of forward primer and reverse 
primer, 125 nM of probe, 4 Units RNASe inhibitor, 1.25 
Units PLATINUM(R) Taq, 5 Units Mul V reverse tran 
scriptase, and 2.5x ROX dye) to 96-well plates containing 
30 it total RNA solution. The RT reaction was carried out 
by incubation for 30 minutes at 48 C. Following a 10 
minute incubation at 95 C. to activate the PLATINUMCE) 
Taq, 40 cycles of a two-step PCR protocol were carried out: 
95°C. for 15 seconds (denaturation) followed by 60° C. for 
1.5 minutes (annealing/extension). 
1079 Gene target quantities obtained by real time RT 
PCR are normalized using either the expression level of 
GAPDH, a gene whose expression is constant, or by quan 
tifying total RNA using RiboGreenTM (Molecular Probes, 
Inc. Eugene, Oreg.). GAPDH expression is quantified by 
real time RT-PCR, by being run simultaneously with the 
target, multiplexing, or Separately. Total RNA is quantified 
using RiboGreenTM RNA quantification reagent from 
Molecular Probes. Methods of RNA quantification by 
RiboGreenTM are taught in Jones, L. J., et al., (Analytical 
Biochemistry, 1998, 265, 368-374). 
1080. In this assay, 170 uL of RiboGreenTM working 
reagent (RiboGreenTM reagent diluted 1:350 in 10 mM 
Tris-HCl, 1 mM EDTA, pH 7.5) is pipetted into a 96-well 
plate containing 30 till purified, cellular RNA. The plate is 
read in a CytoFluor 4000 (PE Applied Biosystems) with 
excitation at 480 nm and emission at 520 nm. 

1081 Probes and primers to particular gene of interest are 
are designed to hybridize to the gene Sequence, using 
published Sequence information, as for instance via their 
GenBank accession number. Forward and reverse primes 
and probes are selected for the gene of interest. The PCR 
probe is selected having a FAM -TAMRAquencher-dye pair 
where FAM is the fluorescent dye and TAMRA is the 
quencher dye. Other PCR probe can be selected as 5' 
JOE-TAMRA 3' modified probes where JOE is the fluo 
rescent reporter dye and TAMRA is the quencher dye. 

Example 243 

1082) Northern Blot Analysis of mRNA Levels 
1083. Eighteen hours after antisense treatment, cell 
monolayers are washed twice with cold PBS and lysed in 1 
mL RNAZOLTM (TEL-TEST “B” Inc., Friendswood,Tex.). 
Total RNA is prepared following manufacturer's recom 
mended protocols. Twenty micrograms of total RNA is 
fractionated by electrophoresis through 1.2% agarose gels 
containing 1.1% formaldehyde using a MOPS buffer system 
(AMRESCO, Inc. Solon, Ohio). RNA is transferred from the 
gel to HYBONDTM-N+ nylon membranes (Amersham 
Pharmacia Biotech, Piscataway, N.J.) by overnight capillary 
transfer using a Northern/Southern Transfer buffer system 
(TEL-TEST “B” Inc., Friendswood, Tex.). RNA transfer is 
confirmed by UV visualization. Membranes were fixed by 
UV cross-linking using a STRATALINKERTM UV 
Crosslinker 2400 (Stratagene, Inc, La Jolla, Calif.) and then 
probed using QUICKHYBTM hybridization solution (Strat 
agene, La Jolla, Calif.) using manufacturer's recommenda 
tions for Stringent conditions. 
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1084) To detect the gene of interest a specific probe is 
prepared by PCR using the forward primer and the reverse 
primer. To normalize for variations in loading and transfer 
efficiency membranes are Stripped and probed for glyceral 
dehyde-3-phosphate dehydrogenase (GAPDH) RNA (Clon 
tech, Palo Alto, Calif.). 
1085) Hybridized membranes are visualized and quanti 
tated using PHOSPHORIMAGERTM and 
IMAGEQUANTTM Software V3.3 (Molecular Dynamics, 
Sunnyvale, Calif.). Data is normalized to GAPDH levels in 
untreated controls. 

Example 244 

1086 Antisense Inhibition of Genes 
1087. A series of oligonucleotides are designed to target 
different regions of the RNA, using published gene 
Sequences. The Selected oligonucleotides are analyzed for 
their effect on the mRNA levels by quantitative real-time 
PCR as described in the examples herein. Data are averages 
from two experiments. Target Sites to which the preferred 
Sequences are complementary are referred to as "preferred 
target regions' and are therefore preferred Sites for targeting 
by compounds of the present invention. AS these “preferred 
target regions are found by experimentation to be open to, 
and accessible for, hybridization with the antisense com 
pounds, one of skill in the art will recognize or be able to 
ascertain, using no more than routine experimentation, fur 
ther embodiments of the invention that encompass other 
compounds that Specifically hybridize to these sites and 
consequently inhibit the expression of the gene of interest. 

Example 245 

1088 Western Blot Analysis of Protein Levels 
1089 Western blot analysis (immunoblot analysis) is 
carried out using Standard methods. Cells are harvested 
16-20 h after oligonucleotide treatment, washed once with 
PBS, suspended in Laemmli buffer (100 ul?well), boiled for 
5 minutes and loaded on a 16% SDS-PAGE gel. Gels are run 
for 1.5 hours at 150 V, and transferred to membrane for 
western blotting. Appropriate primary antibody directed to 
the gene of interest is used, with a radiolabeled or fluores 
cently labeled Secondary antibody directed against the pri 
mary antibody species. Bands are visualized using a PHOS 
PHORIMAGERTM (Molecular Dynamics, Sunnyvale 
Calif.). 

Example 246 

1090 Nuclease Stability Determination 
1091) Nuclease stability of oligonucleotide is deter 
mined, at a concentration of 2 uM, by incubated with Snake 
venom phosphodiesterase (0.005 IU/mL) in 50 mM Tris 
HCl, pH 7.5, 8 mM MgCl, at 37° C. The total volume is 100 
till. At each time point 10 till aliquots of each reaction 
mixture are placed in a 500 till microfuge tubes and put in 
a boiling water bath for two minutes. The Samples are then 
cooled on ice, quick Spun to bring the entire Volume to the 
bottom of the tube, and desalted on a Millipore 0.025 micron 
filter disk (Bedford, Mass.) that is floating in water in a 60 
mm petrie dish. After 30-60 minutes on the membrane the 
sample is diluted with 200 uL distilled HO and analyzed by 
gel-filled capillary electrophoresis. The oligonucleotide and 
metabolites are separated and analyzed using the Beckman 
P/ACE MDO capillary electrophoresis instrument using a 
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100 um ID 30 cm coated capillary (Beckman No. 477477) 
with eCAP ssDNA 100-R gel (Beckman No. 477621) and 
Tris-Borate Urea buffer (Beckman No. 338481). The 
Samples are injected electrokinetically using a field Strength 
of between 5-10 kV for a duration of between 5 and 10 
seconds. Separation is effected at 40 C. with an applied 
Voltage of 15 kV. The percentage of full length oligonucle 
otide is calculated by integration using Caesar V. 6 Software 
(Senetec Software, New Jersey) followed by correction for 
differences in extinction coefficient for oligonucleotides of 
different length. 

Example 247 
1092 Binding of Oligonucleotide to Human Serum Albu 
min 

1093. The binding of oligonucleotides of the invention to 
Serum proteins is representative of binding of the oligo 
nucleotides to proteins. This is determined by labeling 5'-end 
of each oligonucleotide with “P using T4 polynucleotide 
kinase and Standard procedures. Unincorporated label is 
removed using a G25 column and is confirmed by polyacry 
lamide gel electrophoresis. A fixed concentration of labeled 
oligonucleotide (50 nM) is incubated with increasing con 
centrations of human Serum albumin (Fraction V, essentially 
Fatty Acid Free, essentially globulin free, Sigma) and incu 
bated at 25°C. for one hour in PBS plus 0.1 mM EDTA and 
0.005% Tween 80. Experiments with longer incubation 
times demonstrate that full equilibrium ere achieved in leSS 
than one hour. Albumin-oligo mixtures are placed on the 
membranes (Ultrafree-MC 30000, Millipore) and spun very 
gently at 3000 rpm (725xg) for 3-6 min until ~20% of the 

c 

3' T T g 

Volume is passed through the filter. Aliquots of the initial 
mix (before filtration) and the filtrate are counted in the 
Scintillation counter. After appropriate correction for back 
ground, concentration of free and bound oligonucleotide is 
calculated. A low concentration of oligonucleotide, relative 
to albumin, allows for detection of binding to only the 
tightest binding site on the albumin. Thus, fraction of 
oligonucleotide bound cn be plotted VS. total albumin con 
centration and data fit to a two State model: 

Kai-A)(OA) 
1094 where O is unbound oligonucleotide, A is unbound 
albumin, (OA) is the oligonucleotide-albumin complex and 
KA is the equilibrium association constant. 

Example 248 

1095 Crystallization and Structure Determination 
1096 Crystal structures of oligonucleotides of the inven 
tion can also be determined. Optimal crystallization condi 
tions for a modified oligonucleotide is Screened by the 
sparse matrix crystallization technique, using the Hampton 
Research (Laguna Niguel, Calif.) nucleic acid mini screen. 
Crystals for data collection are grown by the hanging drop 
vapor diffusion method. Equal volumes of a 2 mM oligo 
nucleotide Solution in water and a buffer Solution, containing 
40 mM sodium cacodylate (pH 7.0), 80 mM potassium 
chloride, 12 mM spermine tetrahydrochloride and 10% (v/v) 
2-methyl-2,4-pentanediol (MPD), are mixed and equili 
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brated against 1 mL 35% (v/v), MPD. Diffraction data to a 
maximum resolution of 1.2 A is collected on a single 
flash-frozen (100 K) crystal at a wavelength of 1 A on the 
5-ID beamline at the Advanced Photon Source (DuPont 
Northwestern-Dow Collaborative Access Team, Argonne, 
Ill.), using a MARCCD detector. Data is integrated and 
merged in the DENZO/SCALEPACK suite. The structure is 
Solved by the molecular replacement method using the 
program AMORE. Crystallographic refinements are per 
formed with the programs CNS and SHELX-97. 

Example 249 

1097. Design and Screening of Duplexed Oligomeric 
Compounds Targeting a Target 
1098. In accordance with the present invention, a series 
of nucleic acid duplexes comprising the antisense oligo 
meric compounds of the present invention and their comple 
ments can be designed to target a target. The ends of the 
strands may be modified by the addition of one or more 
natural or modified nucleobases to form an overhang. The 
Sense Strand of the dsRNA is then designed and Synthesized 
as the complement of the antisense Strand and may also 
contain modifications or additions to either terminus. For 
example, in one embodiment, both strands of the dsRNA 
duplex would be complementary over the central nucleo 
bases, each having overhangs at one or both termini. 
1099 For example, a duplex comprising an antisense 
strand having the sequence CGAGAGGCGGACGG 
GACCG and having a two-nucleobase overhang of deox 
ythymidine(dT) would have the following structure: 

Antisense Strand 

5' Complement Strand 

1100 RNA strands of the duplex can be synthesized by 
methods disclosed herein or purchased from Dharmacon 
Research Inc., (Lafayette, Conn.). Once Synthesized, the 
complementary Strands are annealed. The Single Strands are 
aliquoted and diluted to a concentration of 50 uM. Once 
diluted, 30 till of each strand is combined with 15 till of a 5x 
Solution of annealing buffer. The final concentration of Said 
buffer is 100 mM potassium acetate, 30 mM HEPES-KOH 
pH 7.4, and 2mm magnesium acetate. The final volume is 75 
till. This solution is incubated for 1 minute at 90° C. and then 
centrifuged for 15 seconds. The tube is allowed to sit for 1 
hour at 37 C. at which time the dsRNA duplexes are used 
in experimentation. The final concentration of the dsRNA 
duplex is 20 uM. This solution can be stored frozen (-20 
C.) and freeze-thawed up to 5 times. 
1101) Once prepared, the duplexed antisense oligomeric 
compounds are evaluated for their ability to modulate a 
target expression. When cells reached 80% confluency, they 
are treated with duplexed antisense oligomeric compounds 
of the invention. For cells grown in 96-well plates, wells are 
washed once with 200 ul OPTI-MEM-1 reduced-serum 
medium (Gibco BRL) and then treated with 130 ul of 
OPTI-MEM-1 containing 12 tug/mL LIPOFECTIN (Gibco 
BRL) and the desired duplex antisense oligomeric com 
pound at a final concentration of 200 nM. After 5 hours of 
treatment, the medium is replaced with fresh medium. Cells 
are harvested 16 hours after treatment, at which time RNA 
is isolated and target reduction measured by RT-PCR. 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 2 

<210> SEQ ID NO 1 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Oligonucleotide Primer 

<400 SEQUENCE: 1 

to cqtcatcg citccitcaggg 20 

<210> SEQ ID NO 2 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: Oligonucleotide Primer 

<400 SEQUENCE: 2 

atgcattctg. ccc.ccaagga 20 

What is claimed is: 

1. A compound comprising a plurality of linked nucleo- continued 7 
Y Y 6 

Side units, at least one of Said nucleoside units comprising a Y 
modified nucleoside of structural formula I of the indicated 1. Yl 1. Y11 

n n SN 21 N1 Stereochemical configuration: 

53 A is CH, and G is N or CH, and D is N, CH, C-CN, 
Y2 C-NO, C-C alkyl, C-NHCONH2, 

C CONY Y-1', C. CSNY Y-11, C-COOY, 
C-hydroxy, C-C alkoxy, C-amino, C-C alky 
lamino, C-di(C. alkyl)amino, C-halogen, C-(1,3-ox 
azol-2-yl), C-(1,3-thiazol-2-yl), or C-(imidazol-2-yl); 
wherein alkyl is unsubstituted or substituted with one to 
three groups independently Selected from halogen, 
amino, hydroxy, carboxy, or C. alkoxy; or 

A is N, and G is CH, and D is CH, C-CN, C-NO, 
C-C, alkyl, C-NHCONH2, C CONY Y-1, 
C-CSNY'Y'Y', C-COOY, C-hydroxy, C-C, 
alkoxy, C-amino, C-C alkylamino, C-di(C. alky 
l)amino, C-halogen, C-(1,3-oxazol-2-yl), C-(1,3-thia 
Zol-2-yl), or C-(imidazol-2-yl); wherein alkyl is unsub 
Stituted or Substituted with one to three groups 
independently Selected from halogen, amino, hydroxy, 
carboxy, or C- alkoxy, Y6 Y6 

E is N and L is CY; or E is CY and L is N; 
D n N n 

Y8 ( N NS N W is O or S; 

A. es. N als, Y', Y, Y and Y each independently are a linkage to a 
*4. s s further of Said nucleoside units of Said compound; 

hydrogen; hydroxyl; halogen; C2-alkenyl, C2-alky 
nyl, or C. alkyl optionally Substituted with amino, 
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hydroxy, or 1 to 3 fluorine atoms; Coalkoxy, option 
ally Substituted with C. alkoxy, C, thioalkoxy or 1 
to 3 fluorine atoms, C. alkenyloxy, C alkylthio; 
C. alkylcarbonyloxy, aryloxycarbonyl, azido; amino; 

1-8 

C. alkylamino; di(C. alkyl)amino; or Y10, 
Y is H, C, alkyl, C. alkenyl, C. alkynyl, C. 

alkylamino, CF, and halogen; 

Y is H, OH, SH, NH, C, alkylamino, di(C. alky 
l)amino, Cas cycloalkylamino, halogen, C. alkyl, 
Calkoxy, or CF; 

Y is hydrogen, amino, C. alkylamino, C. cycloalky 
lamino, or di(C. alkyl)amino; 

Y is H, halogen, CN, carboxy, C alkyloxycarbonyl, 
Ns, amino, C alkylamino, di(C. alkyl)amino, 
hydroxy, Calkoxy, Calkylthio, Calkylsulfonyl, 
or (C. alkyl)o.2 aminomethyl; 

Y is O-Y', hydroxy, or O-P(=W)OH, or a linkage 
to a further of Said nucleoside units of Said compound; 

Y' is a conjugate molecule or a reporter molecule; 
each Y''' is independently H or C. alkyl; 
Y' and Y are each independently hydrogen C- alk 

enyl, C. alkynyl, or C alkyl optionally Substituted 
with amino, hydroxy, or 1 to 3 fluorine atoms, Co 
alkoxy, optionally Substituted with C alkoxy, C. 
thioalkoxy or 1 to 3 fluorine atoms, C. alkenyloxy, 
C, alkylthio; or Y' and Y together with the carbon 
atom to which they are attached form a 3- to 6-mem 
bered Saturated monocyclic ring System optionally con 
taining a heteroatom Selected from O, S, and NC 
alkyl, 

Y''' is H, CF, C, alkyl, amino, C, alkylamino, C. 
cycloalkylamino, or di(C. alkyl)amino; and 

at least one of Y', Y’, Y, Y'or Y is a linkage to a further 
of Said nucleoside units of Said compound. 

2. A compound of claim 1 wherein Said plurality of linked 
nucleoside units comprises an oligonucleotide, the nucleo 
Sides of Said oligonucleotide linked together by phosphodi 
ester, phosphorothioate, chiral phosphorothioate, phospho 
rodithioate, phosphotriester, aminoalkylphosphotriester, 
methyl or alkyl phosphonate, 3'-alkylene phosphonate, 
5'-alkylene phosphonate, chiral phosphonate, phosphonate, 
3'-amino phosphoramidate, aminoalkylphosphoramidate, 
thionophosphoramidate, thionoalkyl-phosphonate, thion 
oalkylphosphotriester, Selenophosphates or boranophoS 
phate linkages. 

3. A compound of claim 2 wherein one of Said linkages 
comprise an inverted internucleotide linkages that is a 3' to 
3' or 5' to 5" linkage. 

4. A compound of claim 3 wherein Said inverted polarity 
linkage comprises a Single 3' to 3' linkage at the 3'-most 
internucleotide linkage of Said compound. 

5. A compound of claim 1 wherein said plurality of linked 
nucleoside units comprises an oligonucleoside, the nucleo 
Sides of Said oligonucleoside linked together by morpholino, 
Siloxane, Sulfide, Sulfoxide, Sulfone, formacetal, thioformac 
etal, methylene formacetal, methylene thioformacetal, 
riboacetal, alkene, Sulfamate, methyleneimino, methylene 
hydrazino, Sulfonate, Sulfonamide or amide linkages. 
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6. A compound of claim 1 wherein said plurality of linked 
nucleoside units comprise a chimeric oligonucleotide having 
a first region capable of Serving as a Substrate for an RNA 
cleaving enzyme and a Second region containing Said 
nucleoside of Structural formula I. 

7. A compound of claim 6 wherein said RNA cleaving 
enzyme is an RNase H enzyme. 

8. A compound of claim 6 wherein said RNA cleaving 
enzyme is a dsRNase. 

9. A compound of claim 1 wherein a further of said linked 
nucleoside units comprises a 2'-deoxy nucleoside. 

10. A compound of claim 1 wherein a further of said 
linked nucleoside units comprises a 2'-ribonucleoside. 

11. A compound of claim 1 wherein a further of said 
linked nucleoside units comprise a nucleoside having a 2 
Substituent group and wherein Said Substituent group is 
C-Clo alkyl, Ca-Cao alkenyl, Ca-Cao alkynyl, Cs-Co aryl, 
-O-alkyl, -O-alkenyl, -O-alkynyl, -O-alkylamino, 
-O-alkylalkoxy, -O-alkylaminoalkyl, -O-alkyl imida 
zole, -OH, -SH, -S-alkyl, -S-alkenyl, -S-alkynyl, 
-N(H)-alkyl, -N(H)-alkenyl, -N(H)-alkynyl, 
-N(alkyl), -O-aryl, -S-aryl, -NH-aryl, -O-aralkyl, 
-S-aralkyl, -N(H)-aralkyl, phthalimido (attached at N), 
halogen, amino, keto (-CO=O)-R), carboxyl 
(-C(=O)CH), nitro (-NO), nitroso (-N=O), cyano 
(-CN), trifluoromethyl (-CF), trifluoromethoxy (-O- 
CF), imidazole, azido (-N), hydrazino (-N(H)-NH), 
aminooxy (-O-NH), isocyanato (-N=C=O), sulfox 
ide (-S(=O)-R), sulfone (-S(=O)-R), disulfide 
(-S-S-R), Sillyl, heterocycle, carbocycle, intercalator, 
reporter group, conjugate, polyamine, polyamide, polyalky 
lene glycol, and polyethers of the formula (-O-alkyl), 
where m is 1 to about 10; wherein each R is, independently, 
hydrogen, a protecting group or Substituted or unsubstituted 
alkyl, alkenyl, or alkynyl wherein Said Substituted alkyl, 
alkenyl, or alkynyl are Substituted with haloalkyl, alkenyl, 
alkoxy, thioalkoxy, haloalkoxy, aryl groups as well as halo 
gen, hydroxyl, amino, azido, carboxy, cyano, nitro, mer 
capto, Sulfides, Sulfones, or Sulfoxides. 

12. A compound of claim 11 wherein said 2 substituent 
group O-CH-CH-O-CH. 

13. A compound of claim 1 wherein Y is alkyl unsub 
Stituted or Substituted with hydroxy, amino, C alkoxy, 
C, alkylthio, or one to three fluorine atoms. 

14. A compound of claim 13 wherein Y is methyl or 
trifluoromethyl. 

15. A compound of claim 1 wherein Y is alkyl unsub 
Stituted or Substituted with hydroxy, amino, C alkoxy, 
C, alkylthio, or one to three fluorine atoms; and 
Y° is hydrogen, fluorine, methoxy or hydroxyl. 
16. A compound of claim 15 wherein Y is hydrogen or 

hydroxyl. 
17. An antisense oligonucleotide comprising a compound 

of claim 1. 
18. A ribozyme comprising a compound of claim 1. 
19. An aptamers comprising a compound of claim 1. 
20. A Substrate strand for a RNase H or a RNA dsRNase 

cleaving enzyme comprising a compound of claim 1. 
21. A siRNA molecule having first and Second Strands, at 

least one of Said Strands comprising compound of claim 1. 
22. A nucleic acid probe comprising a compound of claim 

1. 
23. A PCR primer comprising a compound of claim 1. 
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24. A diagnostic oligonucleotide comprising a compound 
of claim 1. 

25. A compound of claim 1 wherein Y is a linkage to a 
further of Said nucleoside units of Said compound, and 

at least one of Y', Yi, Y or Y' is a linkage to a further of 
Said nucleoside units of Said compound. 

26. A compound comprising a plurality of linked nucleo 
Side units, at least one of Said nucleoside units comprising a 
modified nucleoside of structural formula I of the indicated 
Stereochemical configuration: 

wherein B is Selected from the group consisting of 

A is N or CH; 
G is N or CH; 
D is N; 
E is N or CY; 
L is N or CY; 
W is O or S; 
Y' is hydroxyl; halogen; Ca alkenyl, C. alkynyl, or 
Calkyl optionally substituted with amino, hydroxy, or 
1 to 3 fluorine atoms; Co alkoxy, optionally Substi 
tuted with Calkoxy, Cathioalkoxy or 1 to 3 fluorine 
atoms; C2-alkenyloxy, C alkylthio; Cls alkylcar 
bonyloxy, aryloxycarbonyl, azido; amino, C alky 
lamino; di(C. alkyl)amino; or Y'; 

Y is hydrogen, hydroxyl; halogen; Ca alkenyl, Ca 
alkynyl, or C alkyl optionally Substituted with 
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amino, hydroxy, or 1 to 3 fluorine atoms, Co to 
alkoxy, optionally Substituted with C alkoxy, C. 
thioalkoxy or 1 to 3 fluorine atoms, C. alkenyloxy, 
C, alkylthio; Cls alkylcarbonyloxy; aryloxycarbonyl; 
azido; amino; C alkylamino; di(Calkyl)amino; or 
Y'; provide that Y2 is not hydrogen when Y1 is fluoro 
or hydroxyl; 

one of Y3 or Y4is a linkage to a further of said nucleoside 
units of said compound and the other of Y3 or Y4 is 
hydrogen; hydroxyl; halogen; C2-alkenyl, C2-alky 
nyl, or C. alkyl optionally Substituted with amino, 
hydroxy, or 1 to 3 fluorine atoms; Coalkoxy, option 
ally Substituted with C alkoxy, C, thioalkoxy or 1 
to 3 fluorine atoms; C alkenyloxy, C alkylthio; 
C, alkylcarbonyloxy; aryloxycarbonyl; azido; amino; 
C, alkylamino; di(C. alkyl)amino; or Y', 1. 

Y is H. C. alkyl, Cs alkenyl, Cs alkynyl, C. 
alkylamino, CF, and halogen; 

Y is H, OH, SH, NH, C, alkylamino, di(C. alky 
l)amino, C. cycloalkylamino, halogen, C. alkyl, 
Calkoxy, or CF; 

Y is hydrogen, amino, C, alkylamino, Css cycloalky 
lamino, or di(C. alkyl)amino; 

Y is H, halogen, CN, carboxy, C, alkyloxycarbonyl, 
N, amino, C alkylamino, di(C. alkyl)amino, 
hydroxy, Calkoxy, Calkylthio, Calkylsulfonyl, 
or (C. alkyl)o.2 aminomethyl; 

Y is O-Y', hydroxy, or O-P(=W)OH, or a linkage 
to a further of Said nucleoside units of Said compound; 

Y' is a conjugate molecule or a reporter molecule; 
each Y''' is independently H or C. alkyl; 
Y' and Y are each independently hydrogen; Calk 

enyl, C. alkynyl, or C alkyl optionally Substituted 
with amino, hydroxy, or 1 to 3 fluorine atoms, Co 
alkoxy, optionally Substituted with C alkoxy, C. 
thioalkoxy or 1 to 3 fluorine atoms, C. alkenyloxy, 
C, alkylthio; or Y' and Y together with the carbon 
atom to which they are attached form a 3- to 6-mem 
bered Saturated monocyclic ring System optionally con 
taining a heteroatom Selected from O, S, and NC 
alkyl, and 

Y''' is H, CF, C, alkyl, amino, C. alkylamino, Cas 
cycloalkylamino, or di(C. alkyl)amino. 

27. A compound of the structures: 

Y6 

D n N 

y-( es O 

O A. 4. 7 
9 47 Y Y Y'Y 

Y-12 Y13 

3 2 

  



W is O or S; 
Y' is hydroxyl; halogen; Ca alkenyl, C. alkynyl, or 

C, alkyl optionally Substituted with amino, hydroxy, or 
1 to 3 fluorine atoms; Co alkoxy, optionally Substi 
tuted with Calkoxy, Cathioalkoxy or 1 to 3 fluorine 
atoms; Coalkenyloxy, C alkylthio; Cls alkylcar 
bonyloxy, aryloxycarbonyl, azido; amino, C alky 
lamino; di(C. alkyl)amino; or Y'; 

Y is hydrogen, hydroxyl; halogen; Ca alkenyl, Ca 
alkynyl, or C alkyl optionally Substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms; Coalkoxy, 
optionally Substituted with Calkoxy, Cathioalkoxy 
or 1 to 3 fluorine atoms, Calkenyloxy; C alky 
lthio; Cls alkylcarbonyloxy, aryloxycarbonyl, azido; 
amino; C, alkylamino; di(C, alkyl)amino; or Y'; 
provide that Y2 is not hydrogen when Y1 is fluoro or 
hydroxyl; 

one of Y3 or Y4is a linkage to a further of said nucleoside 
units of said compound and the other of Y3 or Y4 is 
hydrogen; hydroxyl; halogen, Calkenyl, C. alky 
nyl, or C. alkyl optionally Substituted with amino, 
hydroxy, or 1 to 3 fluorine atoms; Co alkoxy, option 
ally Substituted with C. alkoxy, C, thioalkoxy or 1 
to 3 fluorine atoms; C alkenyloxy, C alkylthio; 
C, alkylcarbonyloxy, aryloxycarbonyl; azido; amino; 
C. alkylamino; di(C. alkyl)amino; or Y10, 

Y is H, OH, SH, NH, C, alkylamino, di(C. alky 
l)amino, Cas cycloalkylamino, halogen, C. alkyl, 
C. alkoxy, or CF, 

Y is hydrogen, amino, C. alkylamino, Css cycloalky 
lamino, or di(C. alkyl)amino; 

Y is O-Y', hydroxy, or O-P(=W)OH, or a linkage 
to a further of Said nucleoside units of Said compound; 

Y' is a conjugate molecule or a reporter molecule; 
each Y''' is independently H or C. alkyl; and 
Y' and Y are each independently hydrogen; C. alk 

enyl, C. alkynyl, or C alkyl optionally Substituted 
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with amino, hydroxy, or 1 to 3 fluorine atoms, Co 
-continued alkoxy, optionally Substituted with C alkoxy, C. 

Y6 thioalkoxy or 1 to 3 fluorine atoms, C. alkenyloxy, 
1. C, alkylthio; or Y and Y together with the carbon 
1SN atom to which they are attached form a 3- to 6-mem 
| bered Saturated monocyclic ring System optionally con 
La taining a heteroatom Selected from O, S, and NC 

9 o N W alkyl. 
Y Y-12 Y*Y Y13 28. A compound of claim 27 where one of Y and Y is 

methyl and the other of Y and Y is hydroxyl or halogen. 
29. A compound of claim 27 of the structure: 

Y3 Y2 

wherein Y6 

A is N or CH; D NN 

G is N or CH; y-( es 
D is N; 9 o A. 4. Y7 Y Y“y1 
E is N or CY; Y-12 Y13 

L is N or CY; 5, . 
Yi Y 

wherein A is N or CH; 
G is N or CH; 
D is N; 
W is O or S; 
Y is hydroxyl; halogen; Ca alkenyl, C. alkynyl, or 

C, alkyl optionally Substituted with amino, hydroxy, or 
1 to 3 fluorine atoms; Co alkoxy, optionally Substi 
tuted with Calkoxy, Cathioalkoxy or 1 to 3 fluorine 
atoms; Coalkenyloxy, C alkylthio; Cls alkylcar 
bonyloxy, aryloxycarbonyl, azido; amino, C alky 
lamino; di(C. alkyl)amino; or Y'; 

Y is hydrogen, hydroxyl; halogen; Ca alkenyl, C 
alkynyl, or C alkyl optionally Substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms; Coalkoxy, 
optionally Substituted with Calkoxy, Cathioalkoxy 
or 1 to 3 fluorine atoms; C. alkenyloxy; C alky 
lthio; Cls alkylcarbonyloxy, aryloxycarbonyl, azido; 
amino; C, alkylamino; di(C, alkyl)amino; or Y'; 
provide that Y2 is not hydrogen when Y1 is fluoro or 
hydroxyl; 

one of Y3 or Y4is a linkage to a further of said nucleoside 
units of said compound and the other of Y3 or Y4 is 
hydrogen; hydroxyl; halogen, Calkenyl, C alky 
nyl, or C. alkyl optionally Substituted with amino, 
hydroxy, or 1 to 3 fluorine atoms; Co alkoxy, option 
ally Substituted with C alkoxy, C, thioalkoxy or 1 
to 3 fluorine atoms, C. alkenyloxy, C alkylthio; 
C, alkylcarbonyloxy; aryloxycarbonyl; azido; amino; 
C. alkylamino; di(C. alkyl)amino; or Y10, 

Y is H, OH, SH, NH, C, alkylamino, di(C. alky 
l)amino, C-6 cycloalkylamino, halogen, C. alkyl, 
C. alkoxy, or CF, 

Y is hydrogen, amino, C, alkylamino, Css cycloalky 
lamino, or di(C. alkyl)amino; 

Y is O-Y', hydroxy, or O-P(=W)OH, or a linkage 
to a further of Said nucleoside units of Said compound; 
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Y' is a conjugate molecule or a reporter molecule; 
each Y''' is independently H or C, alkyl; and 
Y' and Y are each independently hydrogen; C. alk 

enyl, C. alkynyl, or C alkyl optionally Substituted 
with amino, hydroxy, or 1 to 3 fluorine atoms, Co 
alkoxy, optionally Substituted with C alkoxy, C. 
thioalkoxy or 1 to 3 fluorine atoms, C. alkenyloxy, 
C, alkylthio; or Y and Y together with the carbon 
atom to which they are attached form a 3- to 6-mem 
bered Saturated monocyclic ring System optionally con 
taining a heteroatom Selected from O, S, and NC 
alkyl. 

30. A compound of claim 29 where one of Y and Y’ is 
methyl and the other of Y and Y is hydroxyl or halogen. 

31. A compound of claim 27 of the structure: 

Y6 

E N 1. 
| 

O SN W 

wherein E is N or CY; 
L is N or CY; 
W is O or S; 
Y' is hydroxyl; halogen; Ca alkenyl, C. alkynyl, or 
Calkyl optionally substituted with amino, hydroxy, or 
1 to 3 fluorine atoms; Co alkoxy, optionally Substi 
tuted with Calkoxy, Cathioalkoxy or 1 to 3 fluorine 
atoms; C2-alkenyloxy, C alkylthio; Cls alkylcar 
bonyloxy, aryloxycarbonyl, azido; amino, C alky 
lamino; di(C. alkyl)amino; or Y'; 
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Y is hydrogen, hydroxyl; halogen; Ca alkenyl, C 
alkynyl, or C alkyl optionally Substituted with 
amino, hydroxy, or 1 to 3 fluorine atoms; Coalkoxy, 
optionally Substituted with Calkoxy, C, thioalkoxy 
or 1 to 3 fluorine atoms, Ce alkenyloxy; C alky 
lthio; Cls alkylcarbonyloxy, aryloxycarbonyl, azido; 
amino; Ca alkylamino; di(C. alkyl)amino; or Y'; 
provide that Y2 is not hydrogen when Y1 is fluoro or 
hydroxyl; 

one of Y3 or Y4is a linkage to a further of said nucleoside 
units of said compound and the other of Y3 or Y4 is 
hydrogen; hydroxyl; halogen; C2-alkenyl, C2-alky 
nyl, or C. alkyl optionally Substituted with amino, 
hydroxy, or 1 to 3 fluorine atoms; Coalkoxy, option 
ally Substituted with C alkoxy, C. thioalkoxy or 1 
to 3 fluorine atoms, C. alkenyloxy, C alkylthio; 
C, alkylcarbonyloxy; aryloxycarbonyl; azido; amino; 
C., alkylamino; di(C. alkyl)amino; or Y10, 1. 

Y is H, OH, SH, NH, C alkylamino, di(C. alky 
l)amino, C-6 cycloalkylamino, halogen, C. alkyl, 
C. alkoxy, or CF, 

Y is O-Y', hydroxy, or O-P(=W)OH, or a linkage 
to a further of Said nucleoside units of Said compound; 

Yo is a conjugate molecule or a reporter molecule; 
each Y''' is independently H or C, alkyl; and 
Y' and Y are each independently hydrogen; Calk 

enyl, C. alkynyl, or C alkyl optionally Substituted 
with amino, hydroxy, or 1 to 3 fluorine atoms; C'' 
alkoxy, optionally Substituted with C alkoxy, C. 
thioalkoxy or 1 to 3 fluorine atoms, C. alkenyloxy, 
C, alkylthio; or Y' and Y together with the carbon 
atom to which they are attached form a 3- to 6-mem 
bered Saturated monocyclic ring System optionally con 
taining a heteroatom Selected from O, S, and NC 
alkyl. 

32. A compound of claim 31 where one of Y and Y is 
methyl and the other of Y and Y is hydroxyl or halogen. 

k k k k k 


